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EXPERIMENTAL  STUDIES  OF  DENGUE  * 

By  James  Stevens  Simmons  t 
Major,  Medical  Corps,  United  States  Army 

Job  H.  St.  John  J 
Major,  Medical  Corps,  United  States  Army 

and 

Francois  H.  K.  Reynolds  J 
Captain,  Veterinary  Corps,  United  States  Army 

INTRODUCTION 

During  the  past  thirty  years  the  Medical  Department  of  the 
United  States  Army  has  been  actively  interested  not  only  in 
dengue  but  also  in  the  similarly  transmitted  and  more  formid- 
able disease,  yellow  fever.  This  interest,  which  was  due,  pri- 
marily, to  the  appalling  mortality  caused  by  yellow  fever  among 
our  armed  forces  during  the  Spanish-American  War  and,  later, 
to  the  extremely  high  morbidity  rates  for  dengue  and  other 
infections  among  troops  stationed  in  the  Philippines,  led  to  the 
formation  of  boards  of  medical  oflficers,  one  in  Cuba  and  another 
in  the  Philippine  Islands,  for  the  investigation  of  tropical 
diseases.  The  fundamental  discoveries  concerning  the  mosquito 
transmission  of  yellow  fever,  contributed  by  the  board  working 
in  Cuba  with  Maj.  Walter  Reed  in  1900,  led  to  the  almost  com- 
plete eradication  of  that  disease. 

*  From  the  United  States  Army  Medical  Department  Research  Board, 
Bureau  of  Science,  Manila,  Philippine  Islands.  This  article  is  reprinted 
from  The  Philippine  Journal  of  Science,  volume  44,  Nos.  1  and  2,  to  which 
are  added  protocols  of  the  mosquitoes  and  the  human  volunteers. 

t  President  of  the  Board. 

t  Member  of  the  Board. 
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2  EXPERIMENTAL  STUDIES   OP  DENGUE 

The  other  board,  appointed  in  1900,  for  the  investigation  of 
tropical  diseases  as  they  exist  in  the  Philippines,  was  dissolved 
in  1902,  reformed  in  1906,  and  after  a  period  of  inactivity,  from 
1914  to  1922,  was  again  reconvened  and  called  the  United 
States  Army  Medical  Department  Research  Board.  During  this 
time  succeeding  members  of  the  Philippine  boards  made  valuable 
contributions  to  the  knowledge  of  many  of  the  important  trop- 
ical diseases,  including  dengue.  Ashburn  and  Craig,  while 
working  on  this  board  in  1907,  brought  out  certain  fundamental 
information  concerning  the  etiology,  epidemiology,  transmission, 
symptomatology,  diagnosis,  prophylaxis,  and  treatment  of  the 
disease.  They  reported  the  transmission  of  dengue  experimen- 
tally to  one  of  four  volunteer^  with  Culex  quinquefasciatits,  were 
the  first  to  demonstrate  the  infective  virus  in  the  circulating 
blood  of  dengue  patients,  and  were  also  first  to  establish  the 
fact  that  the  virus  of  dengue  belongs  to  the  group  of  so-called 
filterable  viruses.  In  1922  dengue  was  again  made  the  subject 
of  an  extensive  and  important  investigation  by  Siler,  Hall,  and 
Kitchens,  while  members  of  this  board.  These  workers  not 
only  confirmed  the  fact  that  dengue  is  transmitted  by  Aedes 
segypti,  but  also  determined  the  period  of  infectivity  of  dengue 
patients,  the  period  required  for  development  of  the  virus  in  A. 
segypti,  and  the  period  during  which  infective  A.  xgypti  are  cap- 
able of  transmitting  dengue.  They  were  unable  to  transmit  den- 
gue with  Cvlex  quinquefasciatus.  Their  comprehensive  report 
on  the  history,  epidemiology,  mechanism  of  transmission,  etiolo- 
gy, clinical  manifestations,  immunity,  and  prevention  of  dengue 
furnishes  a  most  important  source  of  information  concerning  the 
disease.  Schule,  working  on  the  board  in  1928,  continued 
these  investigations  and  confirmed  the  work  of  Siler,  Hall,  and 
Hitchens  regarding  the  period  of  time  that  must  elapse  between 
the  infectious  feeding  and  the  transmission  of  virus  to  man  by 
A.  segypti,  and  showed  that  under  certain  conditions  this  period 
may  be  as  short  as  eight  days. 

In  1928  the  authors  of  the  present  report  selected  dengue  as 
a  subject  for  further  study.  The  more  important  of  the  prob- 
lems considered  had  to  do  with  (a)  the  epidemiology  of  dengue; 
(6)  the  nature  of  the  virus,  its  identification,  size,  filterability, 
appearance,  virulence,  viability  in  vitro,  and  its  possible  growth 
in  culture  media;  (c)  the  possibility  of  transmitting  dengue  to 
man  by  insects  other  than  A.  segypti;  (d)  the  possibility  of  trans- 
mission of  dengue  from  infected  to  normal  insects;  (e)  search 
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for  a  lower  animal  susceptible  to  dengue  which  would  be  suitable 
for  use,  instead  of  man,  in  diagnostic  and  experimental  work; 
(/)  search  for  improved  methods  of  diagnosis  by  studies  of  the 
leukocyte  curves  and  serological  reactions  of  patients;  (g) 
further  studies  of  the  immunity  to  dengue  of  man  and  lower 
animals;  (h)  observations  on  the  therapeutic  value  of  immune 
sera;  and  (i)  the  investigation  of  a  prophylactic  vaccine. 

The  results,  even  of  negative  observations,  are  submitted  in 
detail,  as  it  is  believed  that  the  data  brought  out  should  not  only 
add  certain  fundamental  information  to  the  present  knowledge 
concerning  dengue,  but  may  also  prove  of  assistance  to  those 
engaged  in  experimental  investigations  of  both  dengue  and 
yellow  fever. 


EPIDEMIOLOGY  OF  DENGUE  IN  THE  PHILIPPINE 

ISLANDS 

Although  dengue  has  existed  in  the  PhiUppine  Islands  for 
many  years,  there  is  no  reliable  information  concerning  the  in- 
cidence of  the  disease  or  its  spread  among  the  native  and  white 
civilian  inhabitants.  Factors  that  have  made  the  collection  of 
such  data  impossible  are  (a)  the  failure  of  a  large  proportion 
of  the  native  population  to  seek  competent  medical  attention, 
(6)  the  difficulty  experienced  even  by  well-trained  physicians 
in  differentiating  mild  or  atypical  dengue  from  other  acute  feb- 
rile conditions,  and  (c)  the  fact  that  dengue  is  not  considered  a 
reportable  disease  by  the  Philippine  Health  Service. 

Therefore,  the  epidemiological  studies  of  dengue  made  in  the 
Philippines — including  those  made  by  Ashburn  and  Craig (i) 
in  1907;  by  Siler,  Hall,  and  Hitchens(2)  in  1924;  and  those  of 
the  present  board — have  been  limited  mainly  to  the  disease  as 
it  occurs  in  military  personnel,  and  have  been  based  either  on 
investigations  made  at  Army  posts  or  on  official  records  in  the 
office  of  the  Surgeon  General,  United  States  Army,  and  of  the 
Surgeon,  Philippine  Department.  As  Siler,  Hall,  and  Hitchens 
have  already  published  a  comprehensive  statistical  analysis  of 
dengue  in  the  Philippines  for  the  period  1902  to  1924,  certain 
of  their  figures  have  been  used  along  with  additional  official  rec- 
ords for  the  period  1924  to  1929  in  order  to  extend  their  studies 
to  the  present  time. 

Dengue  in  the  United  States  Army. — Since  the  first  American 
troops  arrived  in  the  Philippines,  dengue,  because  of  its  high 
morbidity  and  the  resultant  loss  of  time  from  hospitalization, 
has  been  a  source  of  considerable  economic  loss  to  the  Army. 

A  study  of  the  geographical  distribution  of  dengue  among 
American  soldiers  shows  that  its  importance  to  the  Army  as  a 
whole  is  due  almost  entirely  to  its  high  incidence  in  the  Philip- 
pine Islands.  The  annual  dengue  admission  rates  per  thousand 
for  white  enlisted  men  serving  in  different  countries  during 
1928,  as  indicated  in  fig.  1,  were  as  follows:  (a)  The  entire 
Army,  6.84;  (b)  the  Army  in  the  United  States,  0.02;  (c)  the 
Army  in  Hawaii,  0;  the  Army  in  Panama,  0.5;  and  (d)  the 
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Army  in  the  Philippine  Islands,  177.06.  Of 
the  seven  hundred  sixty-two  cases  of  dengue 
reported  for  white  enlisted  men  in  the  entire 
United  States  Army  during  the  year  1929,  97 
per  cent  occurred  in  the  Philippines.  With 
minor  variations  these  figures  give  a  fairly  ac- 
curate picture  of  the  geographical  distribution 
of  the  disease  among  American  troops  during 
previous  years  and  indicate  the  great  preval- 
ence of  dengue  in  the  Philippine  Islands. 

Dengue  in  the  Philippine  Islands, — During 
the  past  twenty-seven  years,  as  indicated  in 
fig.  2,  the  annual  admission  rates  from  dengue 
have  shown  no  sustained  improvement,  while 
during  the  same  period  the  rates  for  all  dis- 
eases considered  together  have  decreased,  in- 
dicating that  with  the  exception  of  dengue 
there  has  been  an  improvement  in  the  general 
health.  In  1924  it  was  estimated  by  Siler, 
Hall,  and  Kitchens  that  during  the  twenty- 
five  previous  years  dengue  had  been  respon- 
sible for  an  average  loss  to  the  Army  of  7,715 
days  per  year;  since  1924  the  time  lost  has 
amounted  to  1,978  days  for  1925,  3,119  days 
for  1926,  5,450  days  for  1927,  and  5,226  days 
for  1928,  an  average  loss  per  year  of  3,943 
days. 

Distribution  by  Army  posts. — The  incidence 
of  dengue  differs  strikingly  at  the  various  Ar- 
my posts  in  the  Philippines,  as  is  indicated  in 
fig.  3.  Camp  John  Hay,  which  is  situated  in 
the  mountains  at  an  elevation  of  about  5,000 
feet,  has  always  been  free  from  the  disease, 
while  the  lowland  posts  in  or  near  Manila  have 
relatively  high  admission  rates. 

Camp  John  Hay  is  situated  in  the  mountains 
of  Luzon  about  180  miles  north  of  Manila  at 
an  elevation  of  approximately  5,000  feet.  Dur- 
ing 1928  the  mean  strength  for  white  enlisted 
men  was  only  23,  and  for  native  soldiers  202. 
The  temperature  range  for  that  year  was  as 
follows:  Minimum,  12.5°  C. ;  maximum,  29°  C;  mean,  18°  C; 
and  the  annual  rainfall  was  178.24  inches.     According  to  the 
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Fig.  2.    Dengue   comparerd  with   all   other  diseases   contracted  by   American   soldiers   in   the 
Philippine  Islands,   1902-1928. 

available  information  Aedes  mosquitoes  have  not  been  found 
there,  although  several  species  of  Anopheles  and  Culex  were 
collected  in  large  numbers  during  April,  1929.  It  is  claimed 
that  dengue  does  not  occur  among  the  civiUans  living  in  the 
near-by  City  of  Baguio;  while  the  official  records  show  that 
the  disease  does  not  occur  either  in  the  white  or  native  soldiers 
of  the  military  post.  In  this  connection  it  is  of  interest  to  note 
that  recently  it  has  been  shown  experimentally  by  the  authors 
that  native  Ifugaos  living  in  this  dengue-free  post  are  extreme- 
ly susceptible  to  dengue.  Also  that  one  native  seen  in  April, 
1928,  had  contracted  the  disease  during  a  stay  at  Fort  William 
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DISTRIBUTION  OF  DENGUE -ARMY  POSTS -PHILIPPINE  ISLANDS,  1922 -1929 
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Note:  Troops  in  Maniln'*  Include  Sternberg  General  Hospital  and  Port  of  Manila 


Fig.  3.    Distribution    of   dengue  among    Army    posts    in    the    Philippine   Islands,    1922-1929. 


McKinley  and  had  returned  to  Baguio  during  the  second  day  of 
typical  dengue.  The  high  altitude  and  the  resultant  low  tem- 
perature at  Camp  John  Hay  are  probably  responsible  for  the 
apparent  freedom  of  that  post  from  dengue. 

Fort  Stotsenburg,  at  an  elevation  of  about  680  feet,  is  situated 
in  Pampanga  Province,  66  miles  northwest  of  Manila,  on  a 
sloping  sandy  plain  from  which  the  reservation  extends  into 
mountainous  country.  The  temperature  range  during  1927  was, 
average  maximum,  32.5''  C. ;  average  minimum,  21.5°  C. ;  with 
a  daily  variation  of  nearly  13.5°  C.  The  average  annual  rainfall 
was  108  inches  for  the  period  1916  to  1926,  and  the  relative 
humidity  for  twelve  months  in  1927  was  91.  There  is  no  large 
city  near  this  post,  but  several  native  barrios  are  located  in  the 
vicinity.  The  average  yearly  strength  for  American  troops  at 
Fort  Stotsenburg  has  been  as  follows:  728  in  1922,  238  in  1923, 
212  in  1924,  198  in  1925,  200  in  1926,  214  in  1927,  299  in  1928, 
and  190  in  1929. 

The  relatively  low  dengue  admission  rates  for  Fort  Stotsen- 
burg, indicated  in  fig.  4,  have  no  doubt  been  due  mainly  to  the 
isolation  of  the  post  and  the  active  mosquito-control  work  which 
has  been  carried  on  there  for  several  years. 
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Fort  Mills  occupies  a  portion  of  a  small  island,  Corregidor, 
situated  in  the  mouth  of  Manila  Bay  about  48  kilometers  from 
the  City  of  Manila.  The  island  rises  abruptly  from  the  sea 
to  an  elevation  of  about  500  feet.  The  temperature  range  for 
Corregidor  during  1928  was  as  follows:  Minimum,  19.5°  C; 
maximum,  SG^'C;  mean,  26°  C;  and  the  total  rainfall  was 
116.60  inches. 

The  dengue  vectors,  Aedes  S3gypti  and  Aedes  albopicttts,  have 
been  found  breeding  on  the  island,  and  were  collected  there 
by  the  authors  during  1928.  The  white  enlisted  strength  of  this 
post  was  2,352  in  1922,  1,057  in  1923,  1,363  in  1924,  1,406  in 

1925,  1,372  in  1926,  1,264  in  1927,  1,464  in  1928,  and  1,592  in 
1929. 

The  incidence  of  dengue  among  troops  at  Fort  Mills  during 
the  past  seven  years  is  indicated  in  fig.  5. 

Nichols  Field,  which  is  located  just  outside  Manila,  has  prac- 
tically the  same  rainfall  and  temperature  range  as  that  of  the 
city.  The  average  strength  for  American  troops  was  296  in 
1922,  398  in  1923,  447  in  1924,  472  in  1925,  473  in  1926,  454  in 
1927,  448  in  1928,  and  532  in  1929.  As  shown  in  fig.  6,  dengue 
is  not  infrequent  at  this  station. 

Fort  William  McKinley,  which  is  situated  about  9  miles  south- 
east of  Manila  at  an  elevation  of  not  more  than  125  feet,  has 
practically  the  same  average  rainfall  and  temperature  as  Manila. 
While  it  is  one  of  the  largest  stations  in  the  Islands,  the  average 
strength  for  white  American  troops  is  relatively  small  as  fol- 
lows: 247  in  1922,  551  in  1923,  851  in  1924,  993  in  1925,  949  in 

1926,  927  in  1927,  782  in  1928,  and  409  in  1929.     The  dengue 
admission  rates  for  this  post  are  indicated  in  fig.  6. 

Troops  in  the  City  of  Manila. — The  City  of  Manila  is  situated 
on  Manila  Bay  in  latitude  14°  35'  31^'  north  and  longitude  120^ 
58'  08''  east,  at  sea  level.  During  1928  the  total  rainfall  was 
1,758.8  millimeters;  and  the  maximum,  mean,  and  minimum 
temperatures  were,  approximately,  36.7°  C,  26.3''  C,  and  17.4° 
C,  respectively.  Troops  stationed  in  the  city  include  the  per- 
sonnel of  the  Sternberg  General  Hospital  and  the  Post  of  Manila. 

The  dengue  rates  for  all  American  troops  stationed  in  Manila 
have  been  extremely  high,  as  shown  in  figs.  3  and  6,  in  fact 
69  per  cent  of  all  the  dengue  cases  reported  for  the  entire  Army 
during  1928  occurred  in  this  city.  The  importance  of  this  source 
of  dengue  infection  is  further  emphasized  by  the  fact  that  if  the 
adjacent  stations,  Fort  William  McKinley  and  Nichols  Field,  are 
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12  EXPERIMENTAL  STUDIES  OF  DENGUE 

included,  it  may  be  stated  that  98.2  per  cent  of  the  cases  among 
troops  in  the  Philippines,  and  96.2  per  cent  of  all  cases  reported 
among  the  111,340  white  troops  in  the  entire  United  States 
Army  during  1928  occurred  among  2,406  American  soldiers 
stationed  in  and  near  Manila. 

DISCUSSION 

From  these  observations  it  is  apparent  that  the  only  important 
focus  from  which  the  American  soldier  is  likely  to  contract 
dengue  at  present  is  in  Manila  or  the  immediately  adjacent 
territory.  The  decided  differences  in  the  incidence  of  the  disease 
among  troops  in  the  continental  United  States,  Hawaii,  Panama, 
and  the  Philippines  cannot  be  explained  entirely  by  climatic  or 
other  intrinsic  differences  in  these  various  countries.  While 
dengue  may  not  be  so  common  among  the  civil  population  of  the 
United  States  or  Hawaii  as  in  the  Philippines,  still  the  disease 
is  known  to  exist  in  both  places,  and  epidemics  have  occurred 
in  each  of  these  countries  as  well  as  in  Panama  and  in  the 
Philippines.  It  is  also  known  that  an  effective  vector  of  dengue, 
Aedes  ^gypti,  is  prevalent  in  each  of  these  countries.  Further- 
more, Panama,  with  an  insignificant  admission  rate  of  0.5  per 
thousand  for  1928,  and  the  Philippine  Islands,  with  an  extremely 
high  rate  of  177.06,  are  both  tropical  countries.  Thus,  factors 
other  than  climate  must  be  considered.  While  differences  in  the 
proportion  of  susceptible  individuals  from  the  dengue-free 
northern  parts  of  the  United  States,  assigned  to  duty  in  the 
different  countries,  and  their  length  of  stay  no  doubt  influence 
the  rates,  it  is  believed  that  the  most  important  factor  is  the 
degree  of  effectiveness  with  which  troops  are  protected  from 
dengue-infected  mosquitoes  in  the  various  localities.  In  the 
Panama  Canal  Zone  and  surrounding  areas  the  employment 
of  every  available  scientific  facility  in  mosquito  prophylaxis 
has  not  only  resulted  in  the  disappearance  of  yellow  fever  and 
a  marked  decrease  in  malaria,  but  undoubtedly  has  also  been  res- 
ponsible for  the  extremely  low  dengue  rates  among  soldiers 
stationed  there.  Army  posts  both  in  the  United  States  and 
Hawaii  not  only  have  the  advantage  of  the  mosquito  control 
work  of  Army  sanitarians,  but  also  are  to  a  large  degree  pro- 
tected from  dengue  of  civilian  origin  by  the  excellent  sanitary 
conditions  in  neighboring  towns  and  cities,  where  it  is  the  custom 
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for  the  people  to  live  in  screened  houses.  Screening  alone  un- 
doubtedly plays  an  important  part  in  reducing  the  proportion 
of  mosquitoes  infected  and  in  keeping  the  dengue  rates  at  a 
minimum  in  these  localities.  On  the  other  hand,  conditions  in 
the  Philippines  are  particularly  favorable  to  the  spread  of  dengue. 
Not  only  is  the  climate  ideal  for  mosquito  breeding,  but  also  the 
lack  of  effective  mosquito  control  among  the  civil  population 
results  in  the  development  of  enormous  numbers  of  the  vectors, 
Aedes  segypti  and  Aedes  albopictus;  while  the  custom,  among 
both  native  and  w^hite  civilians,  of  living  in  unscreened  houses 
no  doubt  results  in  the  exposure  of  a  large  proportion  of  dengue 
cases  to  innumerable  mosquitoes.  The  latter  factor  alone  would 
result  in  a  much  higher  percentage  of  infected  vectors  than  in 
the  other  countries  mentioned.  The  introduction  of  new  groups 
of  nonimmune  recruits  into  such  highly  infected  areas  of  the 
Philippines  at  frequent  intervals  is  inevitably  followed  by  large 
numbers  of  dengue  infections.  However,  in  certain  of  the  nine 
isolated  Army  posts  in  the  Philippines  active  mosquito-control 
work  and  the  screening  of  infected  persons  have  resulted  in  a 
reduction  of  dengue  rates.  For  instance,  at  Fort  Stotsenburg, 
which  is  removed  from  large  towns  or  cities,  the  local  mosquito- 
control  work  is  also  apparently  effective  in  keeping  down  the 
rates  for  dengue.  On  the  other  hand,  it  is  impossible  by  control 
work  on  the  Army  posts  alone  to  protect  troops  stationed  in 
Manila  from  dengue  completely,  so  long  as  the  soldiers  are  con- 
tinually exposed  to  the  great  numbers  of  dengue-infected  mos- 
quitoes from  other  parts  of  this  Aede^-mfested,  unscreened  city. 

SEASONAL  OCCURRENCE 

Dengue  occurs  in  seasonal  waves  in  the  Philippines,  and  as  a 
rule  these  waves  reach  a  high  point  some  time  between  April 
and  November.  The  monthly  incidence  of  dengue  in  the  Phil- 
ippines between  January,  1922,  and  December,  1929,  is  shown 
in  fig.  7,  along  with  the  monthly  temperature  and  rainfall  for 
Manila.  The  mean  monthly  temperature  curve  for  each  year  is 
lowest  from  November  to  April  and  reaches  its  height  during 
the  remaining  months.  The  monthly  rainfall,  which  varies  from 
year  to  year,  apparently  plays  an  important  part  in  determining 
the  period  of  greatest  mosquito  prevalence,  and  consequently 
the  time  at  which  dengue  is  most  prevalent.     For  example,  by 
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making  daily  observations  throughout  the  period  1922  to  1924, 
Siler,  Hall,  and  Kitchens  determined  that  the  late  seasonal  rise 
in  dengue  during  1922  was  due  to  the  peculiar  daily  distribution 
of  rainfall  during  that  year. 

RACIAL  DISTRIBUTION 

It  is  unfortunate  that  more  complete  information  is  not  avail- 
able concerning  the  incidence  of  dengue  among  the  native  inhab- 
itants of  the  Philippines.  Such  data  would,  no  doubt,  help  to 
answer  certain  important  questions  concerning  dengue  immunity 
and  might  throw  further  light  on  the  method  of  maintenance 
and  dissemination  of  the  virus  in  endemic  localities.  However, 
some  information  concerning  dengue  among  adult  male  Fili- 
pinos is  made  available  by  the  official  records  concerning  Philip- 
pine Scout  soldiers.  As  indicated  in  fig.  8  the  annual  dengue 
admission  rates  for  Filipino  troops  since  1915  have  been  consist- 
ently much  lower  than  the  rates  for  American  troops.  It  would 
appear  that  while  dengue  does  occur  among  adult  Filipinos,  the 
native  Scout  soldiers  as  a  group  are  not  nearly  so  susceptible 
as  American  troops.  This  conclusion  is  substantiated  by  the 
fact  that  attempts  to  transmit  dengue  to  Scout  soldiers  experi- 
mentally, both  by  Siler,  Hall,  and  Hitchens  and  by  the  authors, 
have  almost  invariably  failed.  The  former  workers  advanced 
the  theory  that  the  relative  immunity  of  adult  Filipinos  is  not 
a  racial  characteristic,  but  has  probably  been  developed  as  a 
result  of  repeated  exposure  to  infection  since  childhood.  This 
supposition  is  concurred  in,  particularly  since  it  has  recently  been 
proved  that  adult  natives  living  in  dengue-free  mountain  prov- 
inces of  northern  Luzon  are  just  as  susceptible  to  experimental 
infection  with  the  disease  as  are  white  men. 

Granting  that  native  children  are  as  a  rule  susceptible  to  den- 
gue,  it  becomes  apparent  that  the  introduction  of  susceptible 
individuals  from  elsewhere  is  not  necessary  to  the  continued 
maintenance  of  the  virus  in  an  endemic  area,  but  that  the  advent 
of  children  each  year  is  sufficient  to  keep  up  the  cycle  of  transfer 
indefinitely,  even  in  isolated  native  communities.  In  addition, 
it  is  quite  probable  that  mild  unrecognizable  infections  may 
occur  in  many  adults,  as  has  been  proved  possible  in  monkeys, 
and  that  the  virus  can  be  transmitted  from  these  apparently 
symptomless  cases  of  dengue. 
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COMPARISON  Of  THE  INCIDtNtE  OF  DENGUE  IN  WHITE  AMERICAN 

AND  NATIVE  FILIPINO  TROOPS  IN  THE  PHIUPPINE  ISLANDS  1915-1928 
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Fig.  8. 


Comparison    of    dengue    incidence    in    white    American    and    native    Filipino    troops 
in  the  Philippine  Islands,   1915-1928. 


ANIMAL  AND  INSECT  RESERVOIRS  OF  DENGUE  VIRUS 

Another  factor  which  demands  consideration  is  the  possibility 
of  maintaining  a  reservoir  of  dengue  virus  by  passage  of  the 
infection  through  animals,  or  by  direct  transfer  of  the  virus 
from  infected  to  normal  mosquitoes.  The  authors  have  proved 
that  at  least  a  small  proportion  of  adult  monkeys  living  in  en- 
demic areas  and  a  larger  proportion  from  dengue-free  localities 
may  develop  dengue  without  recognizable  symptoms,  and  that 
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from  these  monkeys  the  virus  may  be  transmitted  through  mos- 
quitoes to  human  beings.  It  has  also  been  shown  that  under 
artificial  conditions  normal  mosquitoes  can  be  infected  by  the 
ingestion  of  suspensions  of  dengue-carrying  mosquitoes,  which 
suggests  the  possibility  of  such  transfer  of  infection  under  nat- 
ural conditions. 

It,  therefore,  appears  almost  impossible  to  control  the  many 
unrecognizable  sources  of  mosquito  infection.  While  the  pro- 
tection of  dengue-fever  cases  from  mosquitoes  by  screening  is  a 
logical  and  advisable  control  measure,  it  seems  quite  probable 
that  even  if  all  recognized  dengue  cases  were  so  protected,  mos- 
quito infection  could  not  be  prevented.  Therefore,  the  most 
effective  methods  of  control  should  be  those  that  are  directed 
mainly  toward  the  reduction  of  the  insect  vectors. 

INSECT  VECTORS  IN  THE  PHILIPPINES 

At  least  two  important  vectors  of  dengue,  Aedes  xgypti  and 
Aedes  albopictus,  are  prevalent  in  the  Philippine  Islands.  It 
has  been  proved  that  both  of  these  mosquitoes  are  susceptible  to 
infection  with  dengue  virus  and  are  effective  in  transmitting 
the  virus  to  man.  There  is,  of  course,  the  possibility  that  other 
insects  may  also  be  concerned  in  the  dissemination  of  the  disease 
under  natural  conditions. 

SUMMARY  AND  CONCLUSIONS 

1.  Dengue  is  of  importance  to  the  United  States  Army  chiefly 
because  of  its  high  incidence  among  white  American  troops  sta- 
tioned in  or  near  the  mosquito-infested,  endemic  dengue  area 
in  and  adjacent  to  the  City  of  Manila,  Philippine  Islands. 

2.  Two  important  vectors,  Aedes  segypti  and  Aedes  albopictus, 
are  known  to  be  prevalent  in  the  Philippines.  It  is  of  course 
possible  that  further  investigation  may  show  that  other  insects, 
including  various  species  of  mosquitoes  and  phlebotomus,  are 
also  capable  of  transmitting  the  disease. 

3.  Dengue  shows  a  seasonal  variation  corresponding  to  changes 
in  the  numbers  of  mosquito  vectors  available,  which  factor  is  in 
turn  influenced  by  variations  in  the  rainfall  and  temperature. 

4.  In  the  Philippines  the  dengue  admission  rates  for  white 
American  soldiers  are  much  higher  than  for  Philippine  Scout 
soldiers. 
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5.  The  immunity  of  the  adult  Filipino  soldier  is  probably  due 
to  repeated  exposure  to  dengue  during  childhood. 

6.  The  possibility  is  mentioned  that  dengue  virus  may  be  main- 
tained in  an  endemic  area  by  transfer  through  (a)  susceptible 
native  children,  (&)  incompletely  immune  native  adults,  (c)  sus- 
ceptible newcomers  from  dengue-free  localities,  (d)  susceptible 
young  animals  or  incompletely  immune  adult  animals,  and  pos- 
sibly (e)  by  direct  transfer  from  infected  to  normal  insect 
vectors. 
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TRANSMISSION  OF  DENGUE  BY  AfiDES  ^GYPTI 

The  great  importance  of  Aedes  segypti  as  a  dengue  vector  was 
fully  demonstrated  by  the  experiments  of  Bancroft,  (i)  Cleland, 
Bradley,  and  McDonald, (2)  and  Siler,  Hall,  and  Kitchens; (3) 
and  information  concerning  the  mechanism  of  its  transmission 
of  dengue  was  furnished  by  the  extensive  investigations  of  the 
last-mentioned  group  of  workers.  During  the  present  studies, 
including  a  large  number  of  experiments  in  which  were  em- 
ployed one  hundred  thirty-one  human  volunteers,  forty-three 
monkeys,  many  smaller  laboratory  animals,  and  two  hundred 
twenty-six  lots  of  mosquitoes,  mostly  A.  ^egypti  (see  fig.  9),  con- 
siderable information  has  accumulated  bearing  on  the  mechanism 
of  dengue  transmission  by  this  mosquito.  These  observations 
are  of  interest  chiefly  because  they  substantiate  the  conclusions 
of  Siler,  Hall,  and  Hitchens(3)  concerning  A.  ^egypti  and  prove 
that  the  findings  of  these  authors  may  be  safely  applied  to 
general  experimental  work  with  this  mosquito.  So  far  as  possi- 
ble throughout  the  present  studies  the  normal  mosquitoes  were 
fed  on  infective  blood  during  the  first  or  the  second  day  of  den- 
gue; and  were  used  for  the  transmission  of  dengue  only  after 
twelve  or  more  days  had  elapsed.  Laboratory-bred  A.  ssgypti 
descended  from  the  stock  used  by  Siler,  Hall,  and  Hitchens  in 
1924  and  a  single  strain  of  dengue  virus  were  used  in  all  of 
the  experiments. 

PERIOD  DURING  WHICH  THE  BLOOD  OP  DENGUE  PATIENTS  IS 
INFECTIVE  TO  AEDES  iEGYPTI 

As  the  primary  consideration  in  our  work  was  to  infect  the 
mosquitoes,  an  effort  was  made  in  all  cases  to  feed  the  normal 
Aedes  segypti  on  dengue  patients  as  early  as  possible  after  the 
onset  of  the  disease.  Of  thirty-four  lots  of  A,  segypti,  Table  1, 
which  took  blood  from  cases  of  experimental  dengue  fever  in 
which  the  onset  was  definitely  known,  twenty-nine  ingested  the 
infective  blood  during  the  first  twenty-four  hours,  four  in  the 
second  day,  and  one  lot  on  the  third  day.  The  only  failure  oc- 
curred with  A.  ^gypti  of  lot  11,  which  took  blood  from  an  Amer- 
ican volunteer  (case  A.V.  5-M),  who  for*  three  days  previously 
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FlO.  9.    Schematic  representation  of  the  passage  of  a  single  strain  of  dengue  virus  through 

various  hoets. 
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Table  1. — Interval  between  the  feeding  to  infect  Aedes  xgypti  and  sub^ 
sequent  tise  in  dengue-transmission  experiments. 


Interval  in 
days. 

Lot  Nos.  a 
100 

Total 
volun- 
teers 
used. 

Dengue 
fever. 

Interval  in 
days. 

Lot  Nos.a 

Total 
volun- 
teers 
used. 

Dengue 
fever. 

Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 

1  .     

1 
1 
2 
1 
3 
2 
1 
4 
5 
1 
1 
3 
1 
1 
2 
1 
2 
1 
2 
1 

No. 
No. 
No. 
No. 
Yes. 
No. 
Yes. 
Yes. 
Yes. 
Yes. 
No. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 

27 

29 

30 

31 

32 

37 

40 

41 

42 

45 

46 

47 

48.. 

52 

54 

55 

57 

57-59 

60 - 

70 

112 

1 
1 
2 
1 
3 
3 
3 
3 
1 
3 

3 

25 

173 

5 

25,  69b__- 

178,  b  181b 

17,32,96 

fll 

71,  174     - 

7-9  _    . 

32 

12 

52 

^o 

19,52,  171 

3,  10.  198-.. 

13 

l30 

14  -_    . 

53,  69,  b86,  116..- 

25,  104,  162 

178,  b  181b 

rii 

2,  52,  139 

15 

137. 

15-17  __. 

9,  135,  195 

165 

16 

\l   18 

137  - 

17 

117           

138 

18  -_     . 

49  . 

10,  137,  164 

190 

19 

167,  168 - 

20 

41 - 

9. - 

138. -_ 

22 

12,  35  .   .-- 

24 

114 

9  and  10  combined. 

9 

137 

25  _  - 

71,  86 -- 

25-29 

167,  168  - 

*  All  lots  except  lot  11  were  proved  infected  in  twelve  or  more  days  following  the  in- 
fective feeding. 

b  Lots  69,  96,  178,  and  181  were  infected  by  feeding  on  suspensions  of  dengue-infected 
mosquitoes,  while  all  other  lois  wtre  infected  by  feeding  on  experimental  cases  of  dengue 
fever  within  forty-eight  hours  after  the  onset,  excepting  lot  11 ;  this  lot  was  fed  during 
the  third  day  after  the  first  appearance  of  symptoms. 


had  shown  marked  prodromal  symptoms.  While  the  day  of 
onset  could  not  be  definitely  determined  in  this  case,  it  is  be- 
lieved that  the  mosquitoes  were  fed  on  the  third  day,  and  that 
this  accounted  for  the  fact  that  they  remained  uninfected. 

While  exact  experimental  information  is  not  available  to  show 
that  each  individual  mosquito  in  the  lots  fed  during  the  first  two 
days  of  the  dengue  was  infected,  the  fact  that  the  disease  was 
transmitted  by  all  of  these  lots  regardless  of  the  numbers  of 
mosquitoes  used  indicates  that  the  infective  rate  must  have  been 
high. 

TIME  REQUIRED  BEFORE  AEDES  ^GYPTI,  FED  ON  MATERIAL  CONTAIN- 
ING DENGUE  VIRUS,  WERE  ABLE  TO  TRANSMIT  THE  DISEASE 

It  was  concluded  by  Siler,  Hall,  and  Kitchens  (3)  that  the  virus 
of  dengue  "must  remain  in  the  female  Aedes  for  a  period  of 
more  than  ten  days — and  that  the  evidence  indicates  that  even 
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on  the  eleventh  day  after  infection  of  Aedes  the  virus  may 
not  have  reached  such  a  state  that  the  bite  of  the  mosquito  is 
constantly  infective."  While  successful  dengue  transmission 
has  occasionally  been  obtained  following  a  shorter  period  of 
virus  "development,"  as,  for  example,  in  the  experiment  re- 
ported by  Schule(4)  in  which  the  period  was  only  eight  days, 
an  interval  of  at  least  eleven  days  was  usually  allowed  in  the 
present  work.  Exceptions  to  this  rule  were  a  few  lots  used  as 
controls  in  other  experiments.  For  example,  lot  25  fed  on 
the  third  and  fifth  days,  lot  69  fed  on  the  fifth  day,  lot  178 
fed  on  the  ninth  day,  and  lot  181  fed  on  the  seventh  day 
after  the  ingestion  of  dengue  virus  failed  to  transmit  the  infec- 
tion to  susceptible  volunteers  (Table  1).  However,  all  of  these 
lots  were  proved  to  be  infective  when  used  after  longer  periods 
of  time  had  elapsed.  In  sixty-three  successful  transmission 
experiments  with  A.  aegypti  the  intervals  between  the  inges- 
tion of  infective  blood  and  the  subsequent  test  of  the  mosquitoes 
for  infectivity  were  from  twelve  to  seventy  days  (Table  1). 
Three  of  these  lots  (17,  32,  and  96)  were  tested  on  the  twelfth 
day  after  the  meal  of  infective  blood. 

DURATION  OP  THE  PERIOD  OF  INFECTIVITY  IN  AEDES  ^GYPTI 

Siler,  Hall,  and  Hitchens,(3)  who  reported  the  transmission 
of  dengue  by  mosquitoes  that  had  been  infected  sixty-two,  sixty- 
six,  and  seventy-five  days  previously,  made  the  following  state- 
ment: "We  believe  the  evidence  justifies  the  statement  that  af- 
ter the  female  A.  segypti  has  become  infective  she  is  capable 
of  transmitting  the  virus  of  dengue  throughout  the  remainder 
of  her  natural  life.''  Blanc  and  Caminopetros(5)  have  been 
able  to  keep  A.  segypti  alive  for  seven  months  and  have  trans- 
mitted dengue  with  them  one  hundred  seventy-four  days  after 
infection.  Their  observations  concerning  the  influence  of  low 
temperatures  on  the  period  of  infectivity  are  of  particular  in- 
terest as  they  may  answer  some  of  the  obscure  questions  con- 
cerning the  epidemiology  of  the  disease.  According  to  these 
workers  infective  A.  segypti  may  lose  their  ability  to  transmit 
dengue  virus  if  kept  at  temperatures  below  18°  C. ;  and  they 
state  that  mosquitoes  kept  in  Athens  remained  infective  up  to 
January  13,  but  that  the  same  mosquitoes  were  not  infective 
during  the  cold  months  of  February  and  March.  In  this  con- 
nection it  is  interesting  to  note  the  record  of  our  lot  190.  Imme- 
diately after  an  infective  blood  feeding  a  portion  of  this  lot 
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was  kept  in  the  refrigerator  at  18 ""  C.  for  thirty  days  and  sub- 
sequently at  room  temperature  (26.3°  C.)  for  twenty-four  days, 
after  which  the  mosquitoes  were  able  to  transmit  dengue. 

In  the  present  work  all  except  a  portion  of  one  lot  were  used 
in  Manila  where  the  maximum,  mean,  and  minimum  tempera- 
tures for  the  period  were  36.7°  C,  26.3°  C,  and  17.4°  C,  re- 
spectively. The  lot  that  was  used  outside  of  Manila  was  taken 
to  Baguio,  Mountain  Province,  in  April,  1929,  and  used  the 
following  day  in  transmitting  dengue  to  each  of  four  Igorot 
volunteers. 

The  longest  periods  of  inf ectivity  observed  in  the  various  lots 
happened  to  be  sixty  days  with  lot  9,  and  seventy  days  with 
lot  137  (see  Table  1).  Either  because  of  death  of  the  mos- 
quitoes or  for  other  reasons  no  lots  were  tested  after  longer 
periods  of  time. 

Thus  it  may  be  stated  that  in  the  present  work  in  Manila 
A.  segypti  fed  on  infective  dengue  virus  were  subsequently  able, 
in  all  instances,  to  transmit  dengue  between  the  twelfth  and 
seventieth  days. 

NUMBERS  OF  INDIVIDUAL  MOSQUITOES  USED  IN  THE  TRANSMISSION 

OP  DENGUE 

The  numbers  of  potentially  infected  Aedes  segypti  used  in  suc- 
cessful transmission  experiments  varied  from  five  to  one  hun- 
dred fifty  mosquitoes  for  each  volunteer.  As  shown  in  Table 
2,  over  8  per  cent  of  the  infections  followed  the  feeding  of 
from  one  hundred  to  one  hundred  fifty  mosquitoes;  21.66  per 
cent  were  caused  by  fifty  to  one  hundred  mosquitoes;  43.33  per 
cent  by  ten  to  fifty  mosquitoes ;  and  26.66  per  cent  of  the  cases 
were  due  to  the  bites  of  from  five  to  ten  mosquitoes.  As  no 
negative  results  were  obtained  except  in  the  case  of  individuals 
later  proved  to  be  immune,  it  is  apparent  that  small  numbers 
of  infective  mosquitoes  may  be  used  for  dengue  transmission 
with  the  same  certainty  of  positive  results  as  if  larger  groups 
were  employed.  As  sixteen,  or  26  per  cent,  of  the  cases  were 
infected  by  different  lots  of  A.  ^gypti,  all  of  which  were  made 
up  of  between  five  and  ten  individual  mosquitoes,  and  as  there 
were  no  failures  after  using  such  small  numbers,  it  is  apparent 
that  at  least  one  out  of  ten  mosquitoes  in  these  particular  lots 
were  infective.  However,  it  is  believed  that  such  an  estimate  is 
far  from  exact ;  and  since  infections  have  been  produced  with  one, 
two,  or  three  individual  A.  albopictus,iQ)  it  seems  quite  prob- 
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able  that  of  all  normal  A.  xgypti  which  take  blood  from  den- 
gue cases  during  the  infective  period  practically  100  per  cent 
become  infective,  and  that  any  individual  mosquito  in  the  group 
may  become  able  to  transmit  dengue. 

Table  2. — Numbers  of  Aedes  ssgypti  used  in  the  transmission  of  dengue 

to  man  and  monkeys. 


Infective  A.  segypti:  lot  Nos. 

Number  of 

mosquitoes 

fed. 

Volunteers  or 

monkeys  infected 

with  dengue. 

Per  cent 
of  total 
cases. 

Number 
of  cases. 

Per  cent. 

9 

5 
6 
7 
8 
9 
10 

1 
4 
2 
4 
2 
3 

100 
100 
100 
100 
100 
100 

.  26.66 

9,  52, 137. _ 

9,  137 

32,  52,  71  (9  and  10) 

30,52 _ _ __ 

52,  86,  112 _ 

Total  for  group 

5-  10 

16 

100 

1,12,17,19,25,41,86,100,168,171 

10-  20 
20-  30 
30-  40 
40-  50 

12 
7 

5 

100 
100 
100 
100 

43.33 

104,  137,  138,  165  (44,  45,  46,  and  47)  (9  and  10) 

96,  100 

9,  53,  135  (44,  45,  46,  and  47)  (178  and  181) 

Total  for  group «... 

10-  50 

26 

100 

2,3,49,117,69 _ 

50-  60 
60-  70 
70-  80 
80-  90 

5 
3 

1 
4 

100 
100 
100 
100 

21.66 

71,  137,  138 

189 _ 

18,35,137,162 __ 

Total  for  group 

50-100 

13 

100 

10,114,139,167 

100-150 

5 

100 

8.33 

Total  infections 

5-150 

60 

100 

100.00 

SUMMARY  AND  CONCLUSIONS 

1.  The  results  of  these  experiments  indicate  that  all  lots 
of  Aedes  segypti  that  fed  on  blood  from  experimental  cases  of 
dengue  during  the  first  forty-eight  hours  of  the  disease  became 
infected;  while  one  lot  which  probably  took  blood  during  the 
third  day  of  the  disease  failed  to  transmit  the  disease. 

2.  In  a  few  experiments  in  which  A;,  segypti,  one,  three,  five, 
seven,  and  nine  days  after  they  had  ingested  virus,  were  allowed 
to  feed  on  volunteers  the  mosquitoes  failed  to  transmit  the  in- 
fection to  susceptible  volunteers.  However,  all  transmission  ex- 
periments in  which  the  intervals  were  from  twelve  to  seventy 
days  were  successful. 
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3.  No  evidence  was  obtained  to  indicate  that  the  infectivity 
of  the  mosquitoes  was  ever  lost  at  the  temperatures  that  prevail 
in  Manila.  Lots  infected  sixty  and  seventy  days  previously 
transmitted  dengue  as  did  mosquitoes  infected  for  shorter 
periods. 

4.  It  appears  that  when  a  group  of  normal  A.  segypti  ingests 
dengue  virus  a  large  proportion  of  the  individual  mosquitoes 
become  infected.  Dengue  was  transmitted  by  small  lots  com- 
posed of  five  to  ten  mosquitoes  just  as  consistently  as  by  large 
lots  made  up  of  one  hundred  to  one  hundred  fifty  mosquitoes. 
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TRANSMISSION  OF  DENGUE  BY  AeDES  ALBOPICTUS 

SKUSE 

While  Aedes  segypti  is  the  only  species  that  has  been  generally 
accepted  as  a  vector  of  dengue  during  the  past  few  years,  sev- 
eral other  mosquitoes,  including  species  of  Aedes  and  Culex, 
have  been  suspected  either  on  epidemiological  or  experimental 
grounds.  The  recent  discovery  by  Bauer  (i)  that  several  species 
of  Aedes  are  capable  of  transmitting  yellow  fever  suggested  the 
advisability  of  investigating  the  prevalence  in  the  Philippines 
of  species  of  Aedes,  other  than  A.  ^gypti,  in  order  to  determine 
the  possibility  of  their  acting  as  dengue  vectors. 

Collections  of  larvse  and  adults  from  Manila  and  adjacent 
localities  have  yielded  only  two  species  of  Aedes;  namely, 
Aedes  segypti  and  A.  albopictus.  Attention  of  the  board  was 
directed  to  A.  albopictus  in  February,  1929.  during  the  exam- 
ination of  the  first  group  of  adult  mosquitoes  submitted  for 
examination,  from  Corregidor  Island.  The  results  obtained  in 
collections  of  larvse  made  in  representative  parts  of  Manila  dur- 
ing April,  May,  June,  July,  and  August,  1929,  indicated,  as 
shown  in  Table  3,  that  both  A.  segypti  and  A.  albopictus  are  com- 
mon mosquitoes  in  this  locality.  Hence,  it  was  concluded  that 
if  A.  albopictits  were  able  to  transmit  dengue,  its  importance 
might  be  about  the  same  as  that  of  A.  xgypti. 


Table  3. — Relative  prevalence  of  Aedes  alhojnctus  Skuse  and  A, 

in  Manila,   as  indicated  by   collections  of  larvse   between  April  and 
September,  1929, 


Month. 


April 

May 

June 

July 

August.  . 

26 


Number  of 
samples 
collected. 


4 

16 

104 


Samples 

containing 

A.  alho- 

pictus. 


Per  cent. 
100 
100 

75 
100 

43 


Predominant 
species  in 
samples. 


A.  segypti 

do 

A.  albopictus.. 

Neither 

A.  segypti 


Dengue  cases 
admitted  to 
Sternberg 
General  Hos- 
pital, Manila. 


18 
16 


33 
11 
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While  systematic  collections  of  Aedes  larvae  have  not  been 
made  since  August,  1929,  adult  A.  albopictus  have  been  identi- 
fied in  various  localities.  Specimens  have  been  caught  at  Fort 
William  McKinley  by  Maj.  John  Dibble,  M.  C,  United  States 
Army ;  it  has  been  found  as  commonly  as  A.  %gypti  around  No- 
valiches,  Rizal  Province,  Luzon,  by  Dr.  C.  Manalang,  chief  of 
the  malaria-control  division  of  the  Philippine  Health  Service; 
and  specimens  have  been  taken  in  Manila  by  Dr.  Paul  F.  Russel, 
field  director,  International  Health  Division,  Rockefeller  Founda- 
tion. Aedes  albopictus  has  also  been  seen  in  the  City  of  Ma- 
nila during  every  month  of  the  year  by  the  authors,  and  during 
February  and  March,  1930,  this  mosquito  was  found  to  be  the 
predominant  species  around  the  Manila  residence  of  one  of  the 
authors. 

Not  only  is  A.  albopictus  a  common  local  mosquito  at  present, 
but  there  is  suflScient  evidence  to  indicate  that  it  has  been  pre- 
valent in  the  Philippine  Islands  during  the  past.  For  example, 
Ludlow  (2)  in  1903  described  this  mosquito  under  the  name  of  Ste- 
gomyia  scutellaris  samarensis;  and  in  1908(3)  remarked  that 
"in  places  where  Stegomyia  calopis  was  infrequent  its  place  was 
largely  taken  by  Stegomyia  scutellaris."  Banks(4)  in  1906 
reported  that  he  had  failed  to  collect  S.  scutellaris  Walker,  but 
that  S,  scutellaris  samarensis  Ludlow  "seemed  a  widespread  mos- 
quito in  the  Philippines."  He  noted  that  S.  scutellaris  had 
been  found  in  the  following  locations :  Pangasinan,  Camp  Gregg, 
Bayambang  (Col.  W.  P.  Chamberlain,  M.  C,  U.  S.  Army), 
Samar,  Leyte,  Mindoro,  Iloilo,  Occidental  Negros,  Bago  (Banks), 
Manila,  Fort  William  McKinley  (Col.  Charles  F.  Craig,  M.  C, 
U.  S.  Army).  As  the  names  S.  scutellaris  Walker  and  S.  scu^ 
tellaris  samarensis  Ludlow  are  accepted  synonyms  for  A.  albo- 
pictus Skuse,  it  is  apparent,  from  the  information  presented, 
that  this  common  Oriental  mosquito  is  widely  distributed 
throughout  the  Philippine  Archipelago.  That  A,  albopictus  is 
also  prevalent  throughout  the  Orient  is  indicated  by  the  fol- 
lowing observation  made  by  Theobald (5)  in  1901  concerning 
Stegomyia  scutellaris  Walker  (A.  albopictus) : 

Habitat, — Singapore  (Rafflesian  Museum)  (4.  9.  1899) ;  Hong  Kong 
(Ford)  (27.  9.  1899);  Selangor  (A.  L.  Butler)  (28.  10.  1899);  Upper 
Burma  (Watson);  North  Borneo;  Mauritius  (Sir  Charles  Bruce)  (22.  11. 
1899) ;  Tamsui,  Formosa  (Mackay)  (2.  8.  1899) ;  Fiji  (Black)  (30.  12. 
1899);  Japan  (Wood);  Celebes  (Walker);  Ceylon  (Bartholomew)  (12. 
12.    1899);    Madras   and   Naini   Tal,   India    (Giles   and   Cornwall);    Siam 
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(Skeate) ;  Amboina  (Doleschall) ;  Sombalpur,  C.  P.,  India  (D.  O'C.  Mur- 
phy)   (99);  Foo-Chow,  China   (Rennie)    (9.  8.  1900)    (84). 

Time  of  capture. — Singapore,  July  (July  27,  1899);  Ceylon,  November; 
Upper   Burma    (March). 

Obsei^ations. — This  is  a  very  common  mosquito,  with  a  viride  distribution 
in  Asia.  It  is  a  common  species  in  the  Straits  Settlements,  being  the 
second  commonest  mosquito  in  Selangor  (A^  L.  Butler).  Ford  records 
its  larvae  as  being  abundant  "in  standing  water  near  houses  500  feet 
above  the  sea."  It  is  a  great  nuisance  at  Calcutta  (Skuse).  Skeate  also 
evidently  took  it  in  abundance  in  Siam,  for  numbers  are  in  the  collection 
sent  me  by  Dr.  Sharpe. 

Barraud,(6)  in  1922,  also  called  attention  to  the  prevalence  of 
A.  albopictus  and  noted  that  there  were  specimens  in  the  central 
Malaria  Bureau  collection  from  the  following  places : 

North- West  Frontier: — ^Kohat    (Sinton). 

Punjab: — Simla  and  Delhi  (Christophers).  Kasuali  (Christophers  and 
Sinton).    Amritsar    (Barraud). 

Bombay: — Islands  in  the  harbour,  and  Trombay    (Barraud). 

Bombay   Deccan: — Belgaum  and   Nagargali    (Barraud). 

Malabar  Coast  and  Nilgiri  Hills   (Khazan  Chaud). 

Madras  Carnatic: — Madras    (Patton).     Salem   (Christophers). 

Bihar;  Cuttack  (S.  Sundar  Rao).     Burma: — Rangoon   (Christophers). 

The  following  additional  localities  are  taken  from  Theobald  (Mon.  Cul.) : 

Calcutta  (Annandale) ;  Upper  Burma  (Watson) ;  Madras  and  Naini 
Tal  (Giles  and  Cornwall);  Sombalpur,  Cen.  Prov.  (D.  0*C.  Murphy); 
Kanara  district  (E.  H.  Aitken) ;  Sylhet,  Assam  (Major  Hall) ;  Lushai 
Hills,  Assam  (E.  C.  Macleod) ;  Manipur  (C.  A.  Gourlay) ;  Katihar  and 
Pumeah  disftrict;  N.  Bengal   (C.  A.  Paiva) ;  Ceylon   (Green). 

It  is  of  interest  to  note  that  Stegomyia  scutellaris  (A.  albo- 
pictus)  has  been  previously  suspected  as  a  possible  vector  of 
dengue  on  epidemiological  grounds;  and  that  during  the  1915 
dengue  epidemic  in  Formosa,  it  was  used  in  dengue-transmission 
experiments  by  Koizumi,  Yamaguchi,  and  Tonomura.(7)  How- 
ever, as  was  pointed  out  by  these  workers,  their  results  were 
inconclusive  because  the  human  volunteers  used  had  not  been 
previously  protected  from  accidental  infections,  and  while  the 
mosquito  was  incriminated,  it  was  not  proved  to  be  capable  of 
transmitting  dengue. 

EXPERIMENTAL 

MATERIALS    AND    METHODS 

(a)  Source  of  dengue  virus, — The  strain  of  virus  used  in  these  experi- 
ments was  obtained  originally  December  15,  1928,  from  a  naturally  ac- 
quired case  of  dengue  (Keller)  and  had  been  passed  alternately  through 
various  lots  of  mosquitoes  and  either  man  or  monkey.    As  indicated  in 
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Chart  1,  the  virus  transferred  from  A.V.*  22-M  to  A.  albopictus  lot  29  and 
on  to  lot  43  and  lot  58  had  already  passed  through  six  different  lots  of  A. 
segypti  and  six  white  American  volunteers.  As  shown  in  Chart  2,  the 
virus  used  in  infecting  A.  albopictus  lots  128  and  160  had  already  passed 
through  ten  lots  of  A,  segypti,  nine  American  volunteers,  and  one  Japa- 
nese monkey,  Macacus  fuscatus  3  (X).  The  virus  used  in  infecting  A, 
albopictus  lot  183  had  passed  through  thirteen  lots  of  A,  segypti,  and 
twelve  American  volunteers  as  indicated  in  Chart  3. 

(6)  Source  of  Aedes  albopictus. — The  mosquitoes  selected  for  use  in 
the  first  five  transmission  experiments  and  known  as  lot  29  had  emerged 
both  from  larvae  collected  in  Manila  and  from  others  bred  in  the  labora- 
tory. All  other  lots  (43,  58,  128,  160,  and  183)  were  descended  from 
laboratory-bred  mosquitoes.  The  specific  identity  of  each  mosquito  used, 
either  for  breeding  or  in  the  transmission  experiments,  was  verified  im- 
mediately after  emergence,  before  and  after  being  placed  in  the  breeding 
cages,  before  and  after  taking  an  infective  blood  feeding  from  a  dengue 
patient,  and  before  and  after  the  tests  on  volunteers.  Each  mosquito 
used  conformed  to  the  desciription  of  A.  albopictus  given  by  Theobald  (5) 
and  Barraud,  (6)  (see  Appendix),  and  the  identity  of  the  species  was 
further  confirmed  by  the  Bureau  of  Entomology,  Washington,   D.   C. 

(<?)  Human  volunteers  and  monkeys  used  in  the  transmission  experi- 
7nents. — The  twelve  white  American  soldier  volunteers  f  used  in  these 
experiments  were  selected  and  handled  as  in  other  transmission  experiments 
carried  out  during  this  investigation.  After  admission  to  the  special 
dengue  ward  at  Sternberg  General  Hospital,  Manila,  they  were  isolated 
in  screened  cubicles  within  the  screened  ward,  for  eight  or  nine  days  be- 
fore the  beginning  of  the  tests;  or,  if  volunteers  who  were  already  in  the 
ward  were  used,  this  period  of  time  was  allowed  to  elapse  between  previous 
negative  experiments  and  the  date  A,  albopictus  was  tested  for  infectivity. 

The  two  Philippine  monkeys  {Macacus  philippinensis)  used  with  A.  al- 
bopictus were  caught  in  a  dengue-free  region  at  an  elevation  of  about 
4,000  feet  in  the  mountains  of  northern  Luzon,  transported  in  screened 
boxes  to  Manila,  and  kept  in,  a  screened  cage  until  discarded.  They  had 
not  been  used  previously  for  experimental  work  and  had  probably  never 
been  bitten  by  dengue-infected  Aedes  mosquitoes.  These  animals  were  ob- 
served in  screened  cages  for  periods  of  one  or  more  weeks  before  infected 
A,  albopictus  were  allowed  to  feed  on  them. 

Technic, — In  the  transmission  experiments  with  A.  albopictus  the  pro- 
cedure was  in  general  similar  to  that  used  in  the  work  with  A,  segyptL 
The  female  mosquitoes  were  identified,  placed  in  a  "feeding  cage,"  and 
given  an  opportunity  to  take  blood  from  an  experimental  case  of  dengue 
during  the  first  or  second  day  of  the  disease.  After  the  mosquitoes  had 
fed,  they  were  held  for  twelve  or  more  days  before  they  Were  tested  for 
infectivity.  After  the  potentially  infective  biting,  the  volunteer  or  ani- 
mal was  examined  daily  for  evidence  of  infection;  and  in  all  instances  rec- 
ords  were   made   of  the   symptoms,   temperature,   and   leukocyte   counts. 

*  American  volunteer. 

t  Hereafter  referred  to  specifically  as  '*A.V."  with  a  number  and  a 
letter. 
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Dengue  was  recognized  either  by  the  appearance  of  typical  symptoms,  in- 
cluding a  definite  fever  with  leukopenia  and  an  increase  in  the  immature 
granulocytes,  or  by  passage  of  the  virus  through  other  mosquitoes,  and 
again  to  man,  causing  subsequent  infection.  As  shown  in  the  follow- 
ing experiments,  the  six  different  lots  of  A,  albopictzts  used  produced  den- 
gue in  two  monkeys    (Macacus  philippinensis)   and  in  twelve  volunteers. 

Experiments  with  Aedes  albopictus,  lot  29. — July  16,  1929.  One  hun- 
dred recently  emerged  female  mosquitoes  were  given  an  opportunity  to 
feed  on  the  infective  blood  of  an  experimental  case  of  dengue  (A.V.  22-M) 
during  the  first  twelve  hours  of  the  disease.  Eighty  of  these  mosquitoes 
took  full  feedings  of  blood  within  a  short  time,  were  designated  lot  29,  and 
were  used  in  the  following  experiments. 

Experiment  1, — July  29,  1929.  Twelve  A.  albopictits  of  lot  29,  fed  on  a 
volunteer  (A.V.  23-B)  who  had  been  used  previously  for  negative  ex- 
periments July  1,  11,  and  20,  and  had  been  observed  for  nine  days  prior 
to  this  test.  After  an  incubation  period  of  seven  days  dengue  fever  de- 
veloped on  the  morning  of  August  5,  1929.  The  symptoms  were  typical, 
including  fever,  both  initial  and  terminal  rash,  weakness,  pains  and  aches 
in  the  eyes,  knees,  and  elbows,  and  leukopenia.  The  diagnosis  was  fur- 
ther confirmed  by  the  fact  that  normal  A,  segypti  fed  during  the  first  day 
of  the  disease  and,  designated  lot  41,  later  transmitted  the  disease  to 
another  volunteer  (A.V.  3Q-L).  Comment:  The  feeding  of  twelve  infected 
A.  albopictus  of  lot  29  on  a  human  volunteer  was  followed  in  seven  days 
by  t3rpical  dengue  fever. 

Experiment  2, — July  29,  1929.  Eight  A,  albopictus  of  lot  29  fed  on  a 
volunteer  (A.V.  26-T),  who  had  previously  been  used  for  negative  ex- 
periments July  11  and  21,  and  had  been  observed  for  eight  days,  prior 
to  this  experiment.  After  an  incubation  period  of  six  days,  dengue  fever 
developed  in  the  afternoon  of  August  4,  1929.  The  symptoms,  which  were 
typical  of  dengue,  included  fever,  generalized  rash,  and  leukopenia.  Com- 
ment: The  feeding  of  eight  A.  albopictus  of  lot  29  on  this  volunteer  was 
followed  in  six  days  by  typical  dengue  fever. 

Experiment  3, — ^August  6,  1929.  Three  A,  albopictus  of  lot  29  fed  on 
a  volunteer  (A.V.  25— D)  who  had  been  used  previously  for  negative  ex- 
periments July  11,  21,  and  29,  1929,  and  had  been  observed  for  eight 
days  prior  to  this  test.  After  an  incubation  period  of  six  and  one-fourth 
days  dengue  fever  developed  during  the  afternoon  of  August  12,  1929,  with 
the  typical  symptoms  of  a  mild  case,  without  any  initial  rash.  The  in- 
fection lasted  five  days,  ending*  with  a  terminal  rash  August  17,  1929. 
Comment:  The  feeding  of  three  A.  albopictus,  lot  29,  was  followed  in  six 
and  one-fourth  days  with  typical  dengue  fever. 

Experiment  4. — August  6,  1929.  One  infected  A.  albopictus  of  lot  29 
fed  on  a  volunteer  (A.V.  27-P)  who  had  been  used  previously  for  ne- 
gative experiments  July  11,  21,  and  29,  1929,  and  had  been  observed  for 
eight  days  prior  to  this  test.  After  an  incubation  period  of  five  days 
dengue  fever  developed  in  the  afternoon  of  August  11,  1929,  with  fever, 
anorexia,  vomiting,  dizziness,  headache,  pains  in  the  muscles  and  eyes, 
and  typical  leukopenia.  On  the  second  day  a  rash  appeared;  general  glan- 
dular enlargement  was  noted  later  in  the  disease.  The  diagnosis  was 
further  confirmed  by  the  fact  that  normal  A.  albopictus  fed  during  the 
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first  day  of  the  disease,  and  designated  lot  43,  later  transmitted  dengue 
to  other  volunteers  (A.V.  32-W  and  A.V.  34-S.).  Comment:  The  feed- 
ing of  one  A,  albopictus,  lot  29,  was  followed  in  five  days  by  tjrpical 
dengue  fever. 

Experiment  5. — August  7,  1929.  Ten  A,  alhopictua  of  lot  29  fed  on  a 
volunteer  (A.V.  24— H)  who  had  previously  been  used  in  negative  experi- 
ments July  11,  21,  and  29,  and  had  been  observed  for  nine  days  prior 
to  this  test.  After  an  incubation  period  of  five  and  one-half  days  dengue 
fever  developed  August  12,  1929.  The  attack  began  abruptly  with  a 
chill,  followed  by  fever,  headache,  generalized  pains,  and  a  flushing  of 
the  face.  The  typical  sjmaptoms,  including  pains  and  aches  in  the  eyes 
and  back,  accompanied  by  leukopenia,  persisted  until  August  15,  1929. 
Comment:  The  feeding  of  ten  infected  A.  albopictus,  lot  29,  on  this  vol- 
unteer was  followed  after  five  days  by  typical  dengue  fever. 

EXPERIMENTS  WITH  AEDES  ALBOPICTUS,  LOT  43 

Fifty-four  female  normal  Aedes  albopicttcs,  which  were  de- 
scendants of  the  original  stock  bred  in  the  laboratory,  were 
infected  August  12,  1929,  by  feeding  on  the  blood  of  an  ex- 
perimental case  of  dengue  (A.V.  27-P),  during  the  first  twelve 
hours  of  the  disease.  As  this  case  of  dengue  had  resulted  from 
the  bite  of  one  mosquito  of  lot  29,  the  potentially  infected  group 
of  lot  43  mosquitoes  represented  the  transfer  of  the  virus  through 
a  second  lot  of  A,  albopictus.  The  results  are  given  in  the 
records  of  experiments  6  and  7. 

Experiment  6. — August  26,  1929.  Twenty-two  A.  alhopictua  of  lot  43 
fed  on  a  volunteer  (A.V.  32-W)  who  had  been  used  previously  for  a  ne- 
gative experiment  August  17,  1929,  and  had  been  observed  for  nine  days 
prior  to  this  test.  After  an  incubation  period  of  five  days,  dengue  fever 
developed  August  31,  1929,  beginning  with  headache,  nausea,  fever,  and 
leukopenia.  The  disease,  which  lasted  five  days,  was  also^  characterized 
by  generalized  pains,  nausea,  vomiting,  and  dizziness.  There  was  no  rash. 
Comment:  The  feeding  of  twenty-two  infected  A.  albopictus  of  lot  43  on 
this  volunteer  was  followed  after  five  days  by  typical  dengue  fever. 

Experiment  7. — August  31,  1929.  Two  A.  albopictits  of  lot  43  fed  on 
a  volunteer  (A.V.  34-S)  who  had  been  admitted  for  this  experiment  alone, 
and  had  been  observed  for  ten  days  prior  to  the  test.  After  an  incuba- 
tion period  of  five  days,  typical  dengue  fever  began  September  5,  1929. 
The  infection  was  characterized  by  headache,  pains  and  aches  in  the  eyes 
and  muscles,  weakness,  dizziness,  generalized  rash,  fever,  and  leukopenia. 
The  duration  of  the  disease  was  four  and  one-half  days.  Comment:  The 
feeding  of  two  infected  A,  albopictus  of  lot  43  on  this  volunteer  was  fol- 
lowed in  eight  days  by  typical  dengue  fever,  proving  that  this  mosquito 
is  an  effective  dengue  vector. 

Experiment  8. — Sixteen  normal  A,  albopictus  were  infected  by  feeding 
on  the  blood  of  American  volunteer  34-8,  September  6,  1929,  and  desig- 
nated lot  58.     October  2,  1929,  three  of  these  mosquitoes  fed  on  A.V.  45-V 
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and  dengue  fever  developed  October  7.  The  symptoms,  which  lasted  for 
approximately  four  days,  were  typical,  including  a  rash  and  leukopenia. 
Comment:  Dengue  fever  developed  in  a  susceptible  individual  following 
the  feeding  of  three  A,  albopictus  of  lot  58. 

Chart  1. — Transfer  of  *'K'*  strain  of  dengue  virus  from  December  15,  1928, 
to  July  16,  1929,  by  Aedes  segypti  and  after  that  date  by  Aedes  albo- 
pictus,  lots  29,  JfS,  and  58, 

Keller,  dengue  fever 
Second  day,  December  15,  1928. 

I 

Lot  1,  Aedes  ssgypti 
17  fed  December  31,  1928. 

I 

A.V.   1-H,  dengue  fever 

First  day,  January  10,  1929. 

I 

Lot  3,  Aedes  segypti 
56  fed  February  19,  1929. 

I 

A.V.   3-A,   dengue  fever 

First  day,  February  25,  1929. 

I 

Lot  9,  Aedes  segypti 
49  fed  April  11,  1929. 

I 

A.V.   6-R,   dengue  fever 

First  day,  April  16,  1929. 

I 
Lot  12,  Aedes  segypti 
15  fed  May  8,  1929. 

I 
A.V.  9-0,   dengue  fever 
First  day.  May  14,   1929. 

I 
Lot  19,  Aedes  segypti 
12  fed  June  20,  1929. 

i 
A.V.  14-A,  dengue  fever 
First  day,  June  26,  1929. 

I 
Lot  25,  Aedes  segypti. 
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Chart  1. — Transfer  of  "K"  strain  of  dengue  virus  from  December  15,  1928, 
to  July  16,  1929,  by  Aedes  legypti  and  after  that  date  by  Aedes  aXbo- 
pictus,  lots  29,  IfS,  and  58 — Continued. 

Lot  25,  Aedes  ssgypti 
14  fed  July  11,  1929. 


See  Chart  2. 


A.V.   22-M,   dengue   fever 

First  day,  July   16,   1929. 
_ 

Lot  29,  Aedes  albopictus. 


i 
8  fed  July  29,  1929. 

I 
A.V.   26-T,  dengue  fe- 
ver.    First  day,  August 
4,  1929. 


i 

1  fed  August  6,  1929. 

__  _ 

A.V.   27-P,  dengue   fe- 
ver.    First     day,     Au- 
gust 11,  1929. 


12  fed  July  29,  1929. 

I 
A.V.  23-B,   dengue  fever 
First  day,  August  5,  1929. 

l 
Lot  41,  Aedes  asgypti 
16  fed  August  26,  1929. 

"  I 

A.V.  30-L,  dengue  fever 
First  day,  August  31,  1929, , 

Lot  43,  Aedes  albopictus. 


i 
10  fed  August  7,  1929. 

A.V.  24~H,  dengue  fe- 
ver.    First     day,     Au- 
gust  12,   1929. 


3  fed  August  6,  1929. 
I 
A.V.  25— D,   dengue  fever 
First  day,  August  12,  1929. 


i 
22  fed   August  26,   1929. 

I 

A.V.  32-W,  dengue  fever 

First  day,  August  31,  1929. 


i 
2  fed  August  31,  1929. 

I 

A.V.   34-S,   dengue  fever 

First  day,  September  5,  1929 

I 

Lot  58,  Aedes  albopictus 
16  fed  October  2,  1929. 

I 
A.V.  45~V,  dengue  fever 
First  day,  October  7,  1929. 
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EXPERIMENTS  WITH  AEDES  ALBOPICTUS,  LOT  128 

December  4,  1929,  one  hundred  eighty-four  normal  female  A. 
albopictics  took  infective  blood  from  an  experimental  case  of 
dengue  (A.V.  62-H)  during  the  second  day  of  the  disease.  It . 
is  of  interest  to  note  here  that  the  infection  had  been  transferred 
to  this  volunteer  through  A.  S3gypti,  lots  110-A,  B,  C,  D,  E, 
and  F,  from  Japanese  monkey  (Macacus  fuscatus)  2  (W) . 

Chart  2. — Continuation  of  the  passage  of  "K"  strain  of  dengue  vims 
through  Aedes  segypti  from  July  11,  1929,  to  November  28,  1929,  and 
after  that  date  by  Aedes  albopictus  of  lots  128  and  160. 

Lot  25,  Aedes  segypti 
15  fed  July  11,  1929. 

I 

A.V.  21-M,  dengue  fever 

First  day,  July  17,  1929. 

Lot  32,  Aedes  segypti,  combined  with  A,  segypti  lots  35,  40,  and  41 
Fed  to  normal  A,  segypti  July  20,  1929. 

_ 

Lots  44,  45,  46,  and  47  Aedes  segypti 
28  fed  September'  21,  1929. 

~i 

A.V.   36— V,   dengue  fever 

First  day,  September  26,  1929. 

_ 

Lot  71,  Aedes  segypti 
8  fed  October  26,  1929. 

I 

A.V.   55— S,   dengue  fever 

First  day,  November  1,  1929. 


i 
See   Chart  3. 


Blood  inoculated. 


i 

Macacus  fuscatus  3    (X),  dengue  fever 
between  November  5  and  9,  1929. 

i 

Lots  110-A,  B,  C,  D,  and  E  Aedes  segypti 
75  fed  November  28,  1929. 

I 

A.V.  62— H,  dengue  fever 

First  day,  December  2,  1929. 

I 

Lot  128,  Aedes  albopictus. 
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Chart  2. — Coyitinuation  of  the  passage  of  *'/v"  strain  of  dengue  virus 
through  Aedes  segypti  from  July  11  ^  1929,  to  November  28,  1929 y  and 
after  that  date  Aedes  albopictus  of  lots  128  a7id  160 — Continued. 

Lot  128,  Aedes  albopictus. 


i 

32  fed  January  16,  1930. 

I 

Macacus  philippinensis   (Sagada 

**A"),    dengue    fever  between 

January  20  and  24,   1930. 

i 

V 

Lot  156,  Aedes  xgypti 
73  fed  February  15,  1930. 

X 

A.V.   80-L,  dengue  fever 
First  day,  February  21,  1930. 


i 
35  fed  January  16,  1930. 

I 

Macacus  philippinensis   (Sagada 

"B"),  dengue  fever  between 

January  20  and  24,  1930. 

I 
Lot  157,  Aedes  segypti 
87  fed   February  15,  1930. 

I 
A.V.  81~G,   dengue  fever 
First  day,  February  21,  1930. 


14  fed  January  27,  1930. 


A.V.   69-K,  dengue  fever 
First  day,  February  1,  1930. 

I 
Lot  160,  Aedes  albopictus. 


i 

118  fed  February  24,  1930. 

■  I 

A.V.   79-H,  dengue  fever 
First  day,  March   1,  1930. 


10  fed  March  19,  1930. 

I 
Guinea  pig  16  "C." 

I 
A,  segypti,  lot  188. 

i 

A.V.  96-H,  no  dengue. 

These  potentially  infected  A.  albopictus  were  designated  lot 
128  and  were  later  used  to  transmit  dengue  to  two  Philippine 
monkeys  (Macacus  philippinensis)  and  to  one  human  volunteer 
as  described  in  the  following  experiments. 

Experiment  9. — January  16,  1930.  Thirty-two  A.  albopictus  of  lot  128 
fed  on  a  Philippine  monkey  M.  philippinensis  30  (Sagada  "A").  This 
monkey  had  been  obtained  from  the  mountains  of  northern  Luzon  and 
observed  in  a  screened  cage  for  a  period  of  about  two  weeks  prior  to  this 
test.  While  the  monkey  failed  to  show  any  recognizable  symptoms  of 
dengue,  groups  of  normal  A.  frgypti,  which  fed  on  the  animal  Jatiuary  20, 
21,  22,  23,  and  24  and  were  designated  lot  156,  later  transmitted  dengue 
(February  15,  1930)  to  a  susceptible  human  volunteer  (A.V.  80-L).  Com- 
ment: The  observations  made  in  this  experiment  show  that  thirty-two  A. 
albopictus  of  lot  128  produced  dengue  in  a  Philippine  monkey. 
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Experiment  10, — January  16,  1930.  Thirty-five  A.  albopictus  of  lot 
128  fed  on  M.  philippinensis  31  (Sagada  "B"),  which  had  been  obtained 
from  the  mountains  of  northern  Luzon  and  observed  in  a  screened  cage 
for  a  period  of  about  two  weeks  prior  to  this  test.  While  this  monkey  also 
failed  to  show  any  recognizable  signs  of  dengue,  it  is  apparent  that  in- 
fection occurred,  since  groups  of  normal  A,  asgypti  fed  on  the  animal  Jan- 
uary 20,  21,  22,  23,  and  24,  and  designated!  lot  157,  later  transmitted 
dengue  (February  15,  1930)  to  a  susceptible  human  volunteer  (A.V.  81- 
G),  Comment:  The  observations  made  in  this  experiment  show  that  the 
feeding  of  thirty-five  A.  albopictus  of  lot  128  produced  dengue  in  a  Phil- 
ippine monkey. 

Experiment  11. — January  27,  1930.  Fourteen  A,  albopictus  of  lot  128 
fed  on  a  volunteer  (A.V.  69-K)  who  had  been  used  previously  for  a  neg- 
ative experiment  January  13  and  had  been  observed  for  fourteen  days 
prior  to  this  test.  After  an  incubation  period  of  five  days,  typical  dengue 
fever  developed  at  noon  February  1,  beginning  with  a  chill  followed  by 
fever.  The  symptoms,  which  persisted  for  about  five  and  one-half  days, 
included  headache,  pain  in  various  parts  of  the  body,  glandular  enlarge- 
ment, weakness,  dizziness,  fever*,  leukopenia,  and  a  terminal  rash.  Com- 
ment: The  feeding  of  fourteen  infected  A,  albopictus  of  lot  128  on  this 
volunteer  was  followed  in  five  days  by  typical  dengue  fever. 

EXPERIMENTS  WITH  AEDES  ALBOPICTUS,  LOT  160 

February  2,  1930,  two  hundred  fifty  normal  A.  albopicttts  took 
infective  blood  from  an  experimental  case  of  dengue  (A.V. 
69-K)  during  the  first  day  of  the  disease.  These  mosquitoes, 
designated  lot  160,  were  later  fed  on  one  human  volunteer  and 
one  guinea  pig,  as  described  in  experiments  12  and  13. 

Experiment  12. — February  24,  1930.  One  hundred  eighteen  A.  albo- 
pictus of  lot  160  fed  on  a  volunteer  (A.V.  79-H)  who  had  been)  used 
previously  for  a  negative  experiment  February  15,  1930,  and  had  been 
observed  for  eight  days  prior  to  this  test.  After  an  incubation  period 
of  five  days,  typical  dengue  fever  developed  March  1,  1930,  beginning  with 
fever,  nausea,  and  vomiting.  The  symptoms  continued  for  about  five  days 
and  were  characterized  by  both  primary  and  terminal  rashes,  fever, 
leukopenia,  nausea,  dizziness,  headache,  pains  in  eyes,  back,  chest,  and 
joints,  and  some  glandular  enlargement.  Comment:  The  feeding  of  one 
hundred  eighteen  A,  albopictus  of  lot  160  on  this  volunteer  was  followed 
in  five  days  by  typical  dengue  fever. 

Experiment  13, — March  19,  1930.  Ten  A.  albopictus  of  lot  160  fed  on 
a  young  guinea  pig  "C,"  which  had  been  born  in  a  mosquito-proof  cage  and 
kept  there  until  the  time  of  this  test.  Normal  A,  mgypti  (lot  188)  were 
fed  on  this  guinea  pig  daily  during  the  fifth  to  eighth  days,  inclusive, 
after  it  had  been  bitten  by  A,  albopictus  (lot  160).  Six  and  twelve  A. 
segypti  of  lot  188  were  tested  on  dengue-susceptible  volunteer  A.V.  96-H. 
Dengue  did  not  develop.  Comment:  Either  the  guinea  pig  was  immune  or 
the  mosquitoes,  fed  on  the  day  when  the  virus  was  infective,  had  died 
before  they  were  tested  on  the  volunteer.  This  experiment  was  con- 
sidered inconclusive. 
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Chart  3. — Continuation  of  passage  of  "X"  strain  of  dengue  virus  through 
Aedes  legypti  from  November  1,  1929,  to  March  IS,  19S0,  and  after' 
that  date  by  Aedes  albopictus  of  lot  183. 

A.V.  55-S,  dengue  fever 
First  day,  November  1,  1929. 


i 

I  See  Chart  2. 

Lot  104,  Aedes  uegypti 

25  fed  November  16,  1929. 

I 

A.V.  56— K,  dengue  fever 

First  day,  November  23,  1929. 

I 

Lot  117,  Aedes  segypti 

58  fed  December  10,  1929. 

I 

A.V.   64-C,   dengue  fever 

First  day,  December  17,  1929. 

I 

Lot  138,  Aedes  ssgypti 

26  fed  February  12,  1930. 

I 

A.V.  78-0,  dengue  fever 

First  day,  February  17,  1930. 

I 
Lot  168,  Aedes  xgypti 
11  fed  March  8,  1930. 

l 

A.V.  83-R,  dengue  fever 

First  day,  March  13,  1930. 

I 
Lot  183,  Aedes  albopictus. 

I  i 

15  fed  April  1,  1930.  9  fed  April  1,  1930. 

__  _  _ 

A.V.   90-A,  dengue  fever        A.V.   93-R,   dengue  fever 
First  day,  April  5,  1930.       First  day,  April  11,  1930. 

EXPERIMENTS  WITH  AEDES  ALBOPICTUS,  LOT  183 

March  13,  1930,  one  hundred  sixteen  normal  A.  albopictus 
took  infective  blood  from  an  experimental  case  of  dengue  (A.V. 
83-R)  during  the  first  day  of  the  disease.  These  mosquitoes,  de- 
signated lot  183,  were  later  used  in  transmission  experiments 
with  two  human  volunteers  as  described  in  experiments  14 
and  15. 
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Experiment  H. — April  1,  1930.  Fifteen  A.  albopictus  of  lot  183  fed 
on  a  volunteer  (A.V.  90-A)  who  had  been  used  previously  for  a  negative 
experiment  March  22,  1930,  and  had  been  obsei^ed  for  nine  days  prior 
to  this  test.  After  an  incubation  period  of  four  and  one-half  days,  den- 
gue fever  developed  April  5,   1930. 

Experiw.ent  15. — April  1,  1930.  Nine  A.  albopictus  of  lot  183  fed  on 
a  volunteer  (A.V.  93~R)  who  had  been  used  previously  for  a  negative  ex- 
periment March  22,  1930,  and  had  been  observed  for  nine  days  prior  to 
this  test.  After  an  incubation  period  of  ten  days  dengue  fever  developed 
April  11,  1930. 

DISCUSSION 

The  results  of  these  experiments  prove  that  Aedes  albopictus, 
a  common  Oriental  mosquito,  is  an  effective  dengue  carrier,  and 
make  it  necessary  to  reconsider  the  available  evidence  concern- 
ing the  epidemiological  importance  of  this  species.  From  the 
observations  made  by  the  board  and  by  others  who  have  studied 
the  mosquito,  it  is  apparent  that  A.  albopictus  somewhat  .re- 
sembles A.  segypti  in  its  choice  of  breeding  places  and  in  its 
habit  of  feeding  on  human  beings  mainly  during  the  day.  How- 
ever, the  former  mosquito  may  require  a  few  more  days  for 
development  to  the  adult  stage,  and  appears  to  be  even  more 
vicious  and  daring  in  biting  man.  The  geographical  distribution 
of  A.  albopictus  given  by  Theobald,  (5)  Barraud,(6)  and  others  in- 
dicates that  this  species  is  prevalent  in  many  localities,  includ- 
ing India,  Formosa,  the  Philippine  Islands,  and  other  parts 
of  the  Orient  where  dengue  is  endemic.  Cleland(8)  and  others 
mention  the  fact  that  A.  albopictus  has  been  suspected  as  a 
dengue  vector  on  epidemiological  grounds  alone;  while  this 
mosquito  was  under  grave  suspicion  during  the  1915  dengue 
epidemic  in  Formosa.  (7)  Furthermore,  observations  made  in 
Manila  during  1929  indicate  that  this  mosquito  was  especially 
prevalent  during  June  and  July,  at  the  time  of  the  highest 
incidence  of  dengue  fever.  From  the  evidence  presented  in 
this  report,  it  is  obvious  that  A.  albopictus  must  be  considered 
seriously  as  a  factor  in  the  dissemination  of  dengue  fever. 

SUMMARY  AND  CONCLUSIONS 

1.  Collections  of  larvse  and  of  adult  mosquitoes  from  repre- 
sentative parts  of  the  city  indicate  that  Aedes  albopictus  Skuse, 
like  A.  xgypti,  is  a  common  species  in  Manila,  Philippine  Islands. 

2.  A  review  of  the  literature  indicates  that  A.  albopictus  is 
prevalent  not  only  in  the  Philippines  but  throughout  the  Orient, 
and  that  this  mosquito  has  been  suspected  as  a  possible  vector 
of  dengue. 
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Table  4. — Transmission  of  dengue  to  man  and  monkeys  by  Aedes 

albopictus. 


Experiment   No. 


Lot      '  Number 
No.  fed. 


1 

2 

3 

4 

5 

e 

7  .    - 
8...    -. 


10.. 
11-. 
12- 
14. 
15.. 


Experiment 

No. 


3 

1 

10 

22 

2 

3 

32 


12 
14. 
15. 


Date  fed. 


July  16,  1929 


Infective  feeding. 

I    Time  Source  of 


fed. 


Day  of       i 
dengue.      j 


10  t  A.V.  22-M ;  First. 


43 


128 

160 
183 


54  ^  Aug.  11,  1929  '     11.30  i  A.V.  27-P- 
16  '  Sept.   6,  1929  9.30  i  A.V.  34-S. 


Do. 
Do. 


! 


184  '  Dec.    4,  1929 


11  :  A.V.  62~H ;  Second. 


250  i  Feb.     2,  1930  9      A.V.  69-K 

116  '  Mar.  13,  1930        10.30  ^  A.V.  83-R 


First. 
Do. 


Number 
fed. 


Date  fed. 


Time 
fed. 


Subsequent  use. 

On  whom  fed. 


July  29,  1929 
July  29,  1929 
Aug.  6,  1929 
Aug.  6,  1929 
Aug.  7,  1929 
Aug.  26,  1929 
Aug.  31,  1929  i 
Oct.  2,  1929  j 
Jan.     6,  1930  i 


a.  m.    I 

10 

10 

11.30 

11.30 

11.15 

10 

10 

11 

9-11 


35  ,  Jan.   16,  1930   i       9-11 


14  Jan.  27,  1930  I 

8  .  Feb.     7,  1930  | 
118  :  Feb.  24,  1930  | 

15  ■  Apr.     1,  1930  | 

9  Apr.     1,  1930 


10 

9 

10.30 

9.30 

9.30 


A.V.  23-B 

A.V.  26-T 

A.  V.25-D 

A.V.  27-P --- 

A.V.  24-H 

A.V.  32-W 

A.V.  34-S 

A.V.  45-V 

Macacus     q)hilippinen- 
sis  30  (Sagada"A"). 
Macacus     philippinen- 
sis  31  (Sagada  "B"). 

A.V.  69-K 

A.V.  72-E 

A.  V.  79-H 

A.V.  90-A 

A.V.  93-R 


Onset  of  dengue. 


a.  m.  Aug.  5,  1929. 

p.  m.  Aug.  4,  1929. 

p.  ra.  Aug.  12,  1929. 

a.  m.  Aug.  11,  1929. 

a.  m.  Aug.  12,  1929. 

a.  m.  Aug.  31,  1929. 
I  a.  m.  Sept.  5,  1929. 
I  Sept.  7,  1929. 

Between  Jan.  20 
and  24,  1929.* 

Between  Jan.  20 
and  24,  1929. » 

Feb.  2,  1930. 

(To  test  immunity.) 
I  Mar.  1,  1930. 
;  April  5,  1930. 
''  April  11,  1930. 


■'  Infection   was   proved   in   these  monkeys   by   transferring  the   virus  from   them  through 
A.  .-rgifpti,  lots  156  and  157,  to  susceptible  volunteers  A.V.  80-L,  A.V.  81-G,  and  A.V.  G9-K. 


3.  During  these  experiments  the  transmission  of  dengue  by 
this  mosquito  to  twelve  American  soldiers  and  to  two  Philip- 
pine monkeys  (Macacus  philippinensis)  proves  that  A.  albopic- 
tus is  an  effective  carrier  of  dengue. 
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4.  In  these  successful  transmission  experiments  with  A.  aU 
bopictits  the  intervals  between  the  ingestion  of  infective  blood 
and  the  tests  on  volunteers  were  from  thirteen  to  fifty-four  days. 

5.  Dengue  resulted  in  the. different  experiments  from  the  feed- 
ing of  1,  2,  3,  8,  8,  9,  10,  12,  14,  15,  22,  32,  35,  and  118  infected 
A.  albopictits,  respectively. 

6.  Aedes  albopictus  must  be  considered  as  an  important  agent 
in  the  dissemination  of  dengue. 

7.  In  view  of  the  fact  that  two  distinct  species  of  Aedes  are 
now  known  to  be  dengue  vectors,  it  is  reasonable  to  suspect  that 
still  others  may  be  concerned  in  the  spread  of  this  disease. 
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DENGUE  TRANSMISSION  EXPERIMENTS  WITH  CULEX 
QUINQUEFASCIATUS 

Culex  quinquefasciatiis,  formerly  known  as  Culex  fatigans, 
was  the  first  mosquito  to  be  incriminated  as  a  dengue  vector. 
Observations  of  early  workers  concerning  the  similarity  between 
the  distribution  of  dengue  and  the  geographical  distribution  of 
this  mosquito  led  to  its  use  in  transmission  experiments.  Gra- 
ham, (l)  who  first  established  the  fact  that  dengue  can  be  trans- 
ferred to  man  by  mosquitoes,  reported  several  successful  ex- 
periments with  C  fatigans.  In  his  work,  mosquitoes  which  had 
been  captured  inside  the  netting  covering  dengue  patients  were 
immediately  placed  inside  the  netting  covering  normal  persons. 
Dengue  occurred  in  three  of  four  experimental  volunteers  after 
incubation  periods  of  four,  five,  and  six  days.  While  the  volun- 
teers had  agreed  to  remain  in  their  homes  throughout  the  ex- 
periments, Graham  was  apparently  not  sure  on  this  point,  as  he 
made  the  following  comment :  *1  still  felt  that  these  three  men 
might  have  received  the  contagion  in  some  other  way."  He 
then  collected  mosquitoes  from  inside  the  netting  of  a  dengue 
patient,  took  them  to  a  dengue-free  village  at  an  elevation  of 
3,000  feet,  and  gave  them  an  opportunity  to  feed  on  two  young 
men  who  lived  in  different  parts  of  the  town.  After  incubation 
periods  of  four  and  five  days,  respectively,  both  of  these  men 
developed  dengue.  No  other  case  occurred  in  the  village.  Since 
there  was  only  a  short  interval  between  the  first  and  second 
stages  of  these  experiments,  it  seems  possible  that  in  some  in- 
stances an  interrupted  type  of  feeding  might  have  occurred, 
resulting  in  a  mechanical  transfer  of  dengue-infected  blood  to 
the  volunteers.  However,  uncertainty  about  the  possibility  of 
having  included  some  ''Stegomyia''  with  the  lots  of  Culex  used, 
has  led  to  doubt  concerning  the  identity  of  the  mosquitoes  re- 
sponsible for  the  infections  in  his  experiments. 

Stimulated  by  Graham's  observations  and  by  the  fact  that 
this  mosquito  was  commonly  found  in  endemic  dengue  localities 
in  the  Philippines,  Ashburn  and  Craig(2)  (1907)  used  Culex 
fatigans,  raised  from  the  egg  in  their  laboratory,  in  a  series  of 
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transmission  experiments.  The  procedure  followed  was  to 
liberate  the  mosquitoes  at  night  beneath  the  net  covering  a 
dengue  patient  isolated  in  a  mosquito-proof  tent.  On  the  fol- 
lowing morning  the  mosquitoes  were  collected  and  liberated 
inside  a  mosquito  bar  covering  the  experimental  dengue  volun- 
teer who  remained  beneath  the  net  until  all  the  mosquitoes  had 
disappeared.  Four  of  nine  volunteers  exposed  in  this  manner 
were  satisfactorily  bitten,  and  one  of  these  four  developed  typi- 
cal dengue.  It  was  believed  that  this  individual  had  not  been 
exposed  to  dengue  for  some  time  prior  to  the  experiment,  and 
he  was  not  allowed  to  leave  the  mosquito-proof  covering  until 
after  the  disease  began.  In  this  one  successful  experiment  the 
mosquitoes  which  had  fed  on  a  patient  September  11,  1906,  were 
placed  in  the  net  with  the  volunteer  on  the  following  day,  Sep- 
tember 12,  and  dengue  developed  a  little  over  four  days  later. 

Cleland,  Bradley,  and  McDonald (3)  in  1916  performed  four 
experiments  using  a  slightly  different  technic  in  which  they 
failed  to  transmit  dengue  with  Culex  fatigans.  In  the  first 
series  mosquitoes  collected  in  the  rooms  of  dengue  patients 
April  3,  4,  and  6,  1916,  were  given  an  opportunity  to  feed  on 
two  volunteers,  "Mac"  and  "Joe,"  April  8,  9,  and  11.  Four  mos- 
quitoes took  blood  from  "Mac"  on  the  evening  of  April  8,  while 
two,  "several,"  and  one  bit  J.  O.  S.  on  the  respective  days. 
Dengue  did  not  develop.  In  the  second  series  of  experiments 
a  volunteer  "M"  was  bitten  by  twelve  of  these  mosquitoes  May 
11,  and  by  an  unknown  number  May  12  and  13,  and  by  at  least 
twenty  May  14.  Then  after  adding  fifty-three  Culex,  some  of 
which  had  been  caught  in  the  houses  of  dengue  patients,  the  lot 
was  given  access  to  a  laboratory  assistant,  J.  0.  S.,  who  was 

bitten  by  two  mosquitoes  May  15  and  by May  18,  1916. 

Both  of  these  men  remained  well.  In  discussing  these  four 
experiments  the  authors  made  the  following  comment:  "We 
have  not  in  our  opinion  shown  conclusively  that  Culex  fatigans 
may  not  also  spread  the  disease  though  we  think  this  unlikely." 
They  also  remarked  concerning  the  experiments  of  Ashburn 
and  Craig:  "If  their  successful  case  arosie  from  the  bites  of 
Culex  fatigans  and  was  not  a  case  of  natural  infection,  the  most 
reasonable  view  to  take  is  that  in  this  instance  the  mosquitoes 
merely  acted  as  infected  lancets  and  not  as  true  intermediate 
hosts."  Siler,  Hall,  and  Kitchens  (4)  in  1924  tried  to  infect 
seven  susceptible  volunteers  with  laboratory-bred  Culex  quin- 
quefasciatu^,  which  twelve  to  twenty-two  days  previously  had 
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fed  on  patients  during  the  infective  stage  of  dengue.  The  re- 
sults were  negative,  v^hile  A.  segypti,  which  had  been  fed  on 
infected  blood  from  the  same  sources  and  later  fed  on  the  same 
volunteers  used  for  the  Cidex  experiments,  produced  dengue 
in  each  instance.  Blanc  and  Caminopetros(5)  in  1928  reported 
failure  to  transmit  dengue  with  Culex  mosquitoes,  including  C. 
pipiens,  C.  apicalis,  and  C.  laticinctiis,  during  experiments  in 
which,  after  feedings  of  infective  blood,  the  mosquitoes  were 
kept  five,  ten,  fifteen,  eighteen,  twenty-two,  and  thirty-four  days 
before  they  were  tested  for  infectivity. 

In  the  present  study  the  experiments  were  planned  with  a 
view  to  determining  whether  or  not  C,  quinqiiefasciatus  becomes 
infected  after  a  feeding  of  dengue  blood;  and,  if  infected, 
whether  or  not  it  is  able  to  transmit  the  disease  to  man  after 
a  period  similar  to  that  required  by  A.  segypti. 

EXPERIMENTAL 

Source  of  mosquitoes. — The  two  lots  of  Culex  quinquefas- 
ciatus  (Nos.  31  and  133)  used  in  these  experiments  were 
selected  from  mosquitoes  that  emerged  from  larvse  collected  in 
Manila  and  raised  in  the  laboratory.  Each  mosquito  conformed 
to  the  description  of  C  quinquefasciatus  given  by  Dyar.  (6) 

Source  of  dengue  virus. — The  blood  fed  to  the  mosquitoes 
of  these  lots  contained  infective  dengue  virus.  Lot  31:  July 
16,  1929,  between  7  and  9  p.  m.,  one  hundred  seven  normal 
C.  quinquefasciatus  took  full  feedings  of  infective  blood  from 
an  experimental  case  of  dengue  (A.V.  21~M),  seven  hours  after- 
the  onset  of  the  disease.  The  infectivity  of  the  blood  at  this 
time  was  indicated  by  the  fact  that  normal  A.  segypti,  which  fed 
on  the  patient  at  9.15  a.  m.,  July  17  (lot  32),  later  transmitted 
dengue  to  a  volunteer  (A.V.  28-P) .  The  Culex  mosquitoes  fed 
on  this  case  and  designated  lot  31  were  later  used  in  experi- 
ments 1,  2,  3,  4,  and  5.  Lot  133 :  December  4,  1929,  between  7 
and  10.30  p.  m.,  fifty-two  normal  C.  quinquefasciatus  took  full 
feedings  of  blood  from  an  experimental  case  of  dengue  (A.V. 
60-S)  during  the  first  day  of  the  disease.  These  mosquitoes 
were  used  in  experiment  6. 

Experiment  1. — Attempt  to  determine  whether  or  not  infective  virus  re- 
mains  in  Culex  quinquefasciatus  four  days  after  the  ingestion  of  dengue 
blood.  July  20,  1929,  1.15  p.  m.  Twenty-five  C.  quinquefasciatus  of  lot 
31,  which  had  fed  on  infective  blood  four  days  previously^  were  killed,  mace- 
rated with  sterile  sand  in  a  porcelain  mortar,  suspended  in  physiologic 
salt  solution,  and  filtered  through  a-  preliminary  type  of  Mandler  filter. 
Three  cubic  centimeters  of  the  filtrate,  representing  about  eighteen  of  the 
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mosquitoes,  was  injected  subcutaneously  into  a  susceptible  volunteer  (A.V. 
28-P).  Dengue  failed  to  develop  from  this  inoculation.  Comment:  The 
evidence  was  not  considered  sufficient  to  prove  that  these  mosquitoes  were 
not  infected,  because  similar  negative  results  were  also  obtained  at  times 
even  with  filtrates  obtained  from  suspensions  of  A,  segypti  known  to  be  in- 
fective. Therefore,  no  definite  conclusion  could  be  drawn  from  this  ex- 
periment. 

The  next  four  experiments  were  performed  in  order  to  determine  the 
ability  of  C.  qwinquefasciatus  to  transmit  dengue  by  biting  thirteen,  thirty- 
three,  and  forty-five  days  after  they  had  ingested  infective  blood. 

Experiment  2.. — July  29,  1929,  7  to  9  p.  m.  Seven  C,  qwinquefasciatus 
of  lot  31,  mhich  had  taken  infective  blood  thirteeyi  days  previously,  fed  on 
a  susceptible  volunteer  (A.V.  24— H).  Dengue  did  not  develop.  August  7 
this  volunteer  was  tested  for  susceptibility  with  an  infective  lot  of  A,  aU 
bopictus  (No.  29),  and  developed  dengue  August  12.  Comment:  In  this 
experiment  C.  quinquefasciatus,  which  had  ingested  infective  blood  thirteen 
days  previously,  failed  to  transmit  dengue  by  biting. 

Experiment  S. — July  29,  1929,  7  to  9  p.  m.  Four  C.  quinquefasciatus 
of  lot  31,  which  had  taken  infective  blood  thirteen  days  previously,  fed  on 
a  susceptible  volunteer  (A.V.  25-D).  Dengue  did  not  develop  in  thirteen 
days.  This  volunteer  was  tested  for  susceptibility  with  an  infective  lot 
of  A,  albopictus  (No.  29)  August  6,  and  developed  dengue  August  12, 
1929.  Comment:  This  experiment  indicates  that  C.  quinquefasciatus,  which 
had  ingested  infective  blood  thirteen  days  previously,  failed  to  transmit 
dengue. 

Experiment  U- — August  18,  1929,  6  to  9  p.  m.  Ten  C.  quinquefasciatus  of 
lot  31,  which  had  ingested  infective  blood  thirty-three  days  previously, 
fed  on  a  susceptible  volunteer  (A.V.  31-D).  Dengue  did  not  develop 
in  eleven  days.  This  volunteer  was  tested  for  susceptibility  with  an  in- 
fective lot  of  A,  segypti  (No.  35)  August  26,  and  developed  dengue  four 
days  later,  August  30,  1929.  Comment:  As  the  interval  between  the  feed- 
ing of  Culex  on  this  volunteer  and  the  beginning  of  dengue  was  longer 
than  the  usual  incubation  periods  observed  in  dengue,  there  was  no  rea- 
son to  suppose  that  tihe  infection  was  due  to  Culex,  particularly  since  in- 
fective A,  segypti,  lot  35,  had  fed  in  the  meantime.  However,  in  the  next 
experiment  it  was  planned  to  observe  the  volunteer  for  a  longer  period 
before  applying  the  test  for  susceptibility. 

Experiment  5. — August  30,  1929,  6  to  9  p.  m.  Five  C.  quinquefascia- 
tus, which  had  taken  infective  blood  forty-five  days  previously,  fed  on  a 
susceptible  volunteer  (A.V.  33-B).  Dengue  did  not  develop  in  eighteen 
days.  This  volunteer  was  purposely  held  for  a  longer  period  than  usual 
before  applying  the  test  for  susceptibility,  in  order  to  eliminate  the  possi- 
bility of  infection  after  a  prolonged  incubation  period.  The  test  for  sus- 
ceptibility was  made  September  14  with  an  infective  lot  of  A,  ssgypti  (No. 
49),  and  dengue  followed  after  an  incubation  period  of  five  days,  Sep- 
tember 18,  1929.  Comment:  In  this  experiment  C.  quinquefasciatus,  which 
had  ingested  infective  blood  forty-five  days  previously,  failed  to  transmit 
dengue  by  biting. 

Experiment  6. — To  determine  whether  infective  virus  remains  in  Culex 
quinquefasciatus  fourteen  days  after  the  ingestion  of  dengue  blood, 
December  18,  1929.     Thirty-eight  C.  quinquefasciatus  of  lot  133  were  mace- 
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rated,  mixed  with  2.5  cubic  centimeters  of  a  normal  guinea  pig's  blood, 
placed  in  a  shallow  cell  under  a  piece  of  chicken  skin,  and  fed  to  one 
hundred  forty  normal  A,  negypti.  The  latter  mosquitoes,  designated  A. 
ivgypti  lot  144,  were  tested  after  thirty-five  days  by  feeding  on  a  suscep- 
tible volunteer  (A.V.  75-P),  who  did  not  develop  dengue  during  an 
observation  period  of  sixteen  days.  February  8  dengue  fever  developed 
from  the  feeding  of  dengue-infected  A.  segypti  of  lot  138,  February  3, 
1930.  Comment:  As  normal  A.  segypti  may  be  infected  with  dengue  virus 
by  feeding  on  similarly  prepared  suspensions  of  infected  Aedes,  it  is  be- 
lieved that  the  negative  results  obtained  in  this  experiment  indicate  that 
C,  quinquefasciatus  of  lot  133  were  not  properly  infected  fourteen  days 
after  they  had  ingested  blood  from  a  dengue  patient. 

DISCUSSION 

Groups  of  Culex  quinquefasciatus  which  had  fed  on  infective 
blood  thirteen  to  forty-five  days  previously  failed  to  transmit 
dengue  when  tested  on  susceptible  volunteers.  Similar  negative 
observations  have  been  reported  by  Siler,  Hall,  and  Kitchens  (4) 
and  by  others  who  have  investigated  the  possibility  of  dengue 
transmission  by  this  mosquito  under  conditions  similar  to  those 
required  for  A.  xgypti. 

Attempts  were  also  made  to  determine  the  length  of  time 
during  which  dengue  virus  remains  alive  after  ingestion  by 
Culex,  and  to  determine  whether  this  mosquito  may  become  per- 
manently infected  as  does  A.  segypti,  but  is  unable  to  transmit 
the  virus  to  man  during  feeding  because  of  some  physiological 
or  anatomical  peculiarity.  At  first  it  was  considered  probable 
that  these  questions  might  be  answered  by  injecting  susceptible 
volunteers  with  bacteria-free  filtrates  of  suspensions  of  Culex 
killed  at  different  intervals  after  they  had  fed  on  blood  con- 
taining infective  dengue  virus.  However,  because  of  the  irreg- 
ular results  obtained  in  filtration  experiments  with  suspensions 
of  A,  segypti  known  to  have  been  infective,  the  method  was 
abandoned  as  unreliable.  The  later  development  of  a  technic 
by  which  normal  A.  segypti  were  infected  with  dengue  virus  by 
feeding  on  suspensions  of  infective  A,  segypti  in  normal  blood, 
led  to  the  use  of  a  similar  technic  for  testing  C  quinquefasciatus 
for  inf activity.  Such  experiments  were  begun  with  two  groups 
of  Culex,  which  had  fed  on  dengue  blood  twenty-four  hours  and 
fourteen  days  previously.  Unfortunately  the  former  experi- 
ment Was  not  completed,  due  to  loss  of  the  A.  segypti  that  fed 
on  the  suspension  of  Culex  which  had  ingested  blood  containing 
dengue  virus  twenty-four  hours  previously.  However,  the  latter 
experiment  (No.  6)  was  carried  through  satisfactorily.  The 
result  was  negative,  indicating  that  either  dengue  virus  was  not 
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present  in  the  Culex  mosquitoes  used  in  the  suspension  or;  if 
present,  the  amount  was  so  small  or  the  virus  so  attenuated 
that  the  infection  could  not  be  transferred  through  A.  xgypti 
to  man.  Whatever  the  real  explanation,  it  is  apparent  that  C. 
quinquefasciatus  may  feed  on  a  case  of  dengue  during  the  in- 
fective stage  of  the  disease  and  again  feed  on  susceptible  indi- 
viduals thirteen  to  forty-five  days  later  without  transmitting 
dengue. 

These  observations  naturally  have  no  application  to  the  pos- 
sibility of  transferring  dengue  virus  mechanically  by  Culex  or 
other  blood-sucking  insects  that  are  interrupted  while  feeding 
on  infective  patients  and  immediately  afterwards  complete  their 
meal  of  blood  on  susceptible  individuals.  The  subject  of  mechan- 
ical transmission  is  discussed  in  a  separate  chapter. 

SUMMARY  AND  CONCLUSIONS 

1.  In  four  experiments  C.  quinquefasciatus,  which  had  fed  on 
infective  blood  thirteen  to  forty-five  days  previously,  failed  to 
transmit  dengue  by  biting  susceptible  volunteers. 

2.  A  volunteer  injected  subcutaneously  with  the  "Handler" 
filtrate  of  a  saline  suspension  of  C.  quinquefasciatus,  which  four 
days  previously  had  fed  on  infective  dengue  blood,  failed  to 
develop  dengue. 

3.  Normal  A.  segypti,  fed  on  a  suspension  of  (7.  quinquefas- 
ciatus fourteen  days  after  the  latter  had  ingested  dengue  blood, 
failed  to  transmit  dengue  to  a  susceptible  volunteer.  Therefore, 
it  seems  probable  that  within  fourteen  days  or  less  after  C  quin- 
quefasciatus has  ingested  infective  blood  the  virus  in  this  mos- 
quito either  dies  or  loses  its  ability  to  infect  either  man  or 
Aedes  mosquitoes. 

4.  If  C.  quinquefasciatus  is  able  to  transmit  dengue  to  man 
it  is  believed  that  this  probably  occurs  as  a  result  of  mechanical 
transfer  of  infected  blood  during  interrupted  feeding. 

REFERENCES 

1.  Graham,  H.,  Journ.  Trop.  Med.  London  6    (1903)   209-214. 

2.  ASHBURN,  P.  M.,  and  C.  F.  Craig,  Philip.  Journ.  Sci.  §  B  2    (1907) 

93-152. 

3.  Cleland,  J.  B.,  B.  Bradley,  and  W.  McDonald,  Rep.  Direct.-Gen.  Pub. 

Health  N.   S.  Wales,   Sidney    (1916)    185-233. 

4.  SiLER,  J.  F.,  M.  W.  Hall,  and  A.  P.  Kitchens,  Philip.  Journ.  Sci.  29 

(1926)  1-302. 

5.  Blanc,    G.,    and  J.    Caminopetros,    Compt.    Rend.    Hebdomadaires    des 

Seances  de.  TAcad.  des  Sci.   (Paris)    187   (1928)   1081-1083. 

6.  Dyar,  H.  G.,  Proc.  U.  S.  Nat.  Mus.  62   (1922)  Art.  1. 


MECHANICAL     TRANSMISSION     OF     DENGUE     VIRUS 

THROUGH  "INTERRUPTED  FEEDING"  BY  CULEX 

QUINQUEFASCIATUS  AND  AEDES  ^GYPTI 

It  is  not  unusual  for  mosquitoes  interrupted  while  feeding  on 
one  individual  to  attempt  to  complete  their  meal  of  blood  on  the 
same  person  or  on  others.  That  mosquitoes  are  rarely  allowed 
to  take  a  complete  feeding  of  blood  from  a  single  person  can- 
not be  questioned,  as  the  discomfort  associated  with  the  inser- 
tion of  the  proboscis  usually  leads  to  attempts  to  destroy  the 
insect,  an  act  which  is  often  unsuccessful  and  usually  results 
only  in  interrupting  the  feeding.  While  the  mosquito  may  at- 
tempt to  feed  again  on  the  same  individual,  it  may  attack  some 
other  person.  Thus,  if  an  organism  of  sufficient  virulence 
should  be  present  in  the  blood  of  the  first  individual  bitten,  it 
is  not  unreasonable  to  suspect  that  in  some  instances  it  might 
be  carried  mechanically  on  or  in  the  proboscis  of  the  mosquito 
to  other  individuals  and  that  in  this  way  it  might  be  possible 
to  transmit  certain  blood  infections  mechanically.  The  pos- 
sibility of  such  mechanical  transmission  of  dengue  by  mosquitoes 
has  been  suggested  and  discussed  by  various  investigators ;  while 
Graham (1)  and  Ashburn  and  Craig (2)  have  reported  positive 
experiments  with  Culex  quinquefasciatus,  in  which  dengue  trans- 
mission apparently  resulted  from  interrupted  feeding  of  the  mos- 
quitoes on  dengue  patients  followed  immediately  by  refeeding 
on  susceptible  persons. 

EXPERIMENTAL 

The  possibility  of  transmitting  dengue  in  this  manner  was 
investigated  by  allowing  Culex  quinquefasciatus  and  A'edes 
^gypti  to  partially  fill  with  infective  blood  from  experimentally 
induced  cases  of  dengue,  after  which  the  mosquitoes  Iwere  im- 
mediately transferred  to  susceptible  human  volunteers  and  al- 
lowed to  complete  the  interrupted  feedings. 

MECHANICAL    TRANSMISSION   OF   DENGUE  VIRUS  BY    CULEX 
QUINQUEFASCLATUS 

Experhnent  1. — A  susceptible  volunteer  (A.V.  54-K)  admitted  October 
21,  1929,  was  observed  in  a  screened  cubicle  for  ten  days  before  the  exper- 
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iment.  October  31,  1929,  between  9  and  10.30  p.  m.,  one  hundred  normal 
Culex  quinquefasciatus,  designated  lot  97,  were  permitted  to  take  partial 
feedings  of  infective  blood  from  an  experimental  case  of  dengue  (A.V. 
55-8)  during  the  first  day  of  the  disease.  These  mosquitoes  were  im- 
mediately transferred  to  the  susceptible  volunteer  (A.V.  54— K)  on  whom 
fifty-four  of  them  resumed  feeding  and  became  completely  filled  with  blood. 
After  an  incubation  period  of  eleven  and  one-half  to  thirteen  days  this  vo- 
lunteer developed  dengue  fever.  The  temperature  reached  99.4°  F.  at  noon 
November  12,  while  the  patient  first  complained  of  illness  on  the  evening 
of  November  13.  The  symptoms  as  noted  in  the  protocol  of  this  volunteer 
were  typical  of  dengue.  Comment:  In  this  experiment  dengue  apparently 
was  transmitted  to  man  mechanically  through  interrupted  feeding  by  C. 
quinquefasciatus. 
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Fig.    10.     Experimental    dengue    in    American    volunteer    54. 


As  the  positive  result  obtained  in  the  first  experiment  indi- 
cated that  dengue  virus  might  be  transferred  mechanically  when 
large  numbers  of  mosquitoes  took  part  in  the  feeding,  the  fol- 
lowing experiments  were  performed  to  determine  whether  sim- 
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ilar  results  might  be  obtained  when  small  numbers  of  mosquitoes 
^vere  employed. 

Experiment  2. — December  4,  1929,  6.30  to  7.30  p.  m.  Eight  (7.  quinque- 
fasciatus  calied  lot  132,  which  had  partially  filled  with  infective  blood  from 
A.V.  60-S  during  the  first  day  of  dengue,  immediately  completed  f eedihg 
on  -a  susceptible  volunteer  (A.V.  58-S).  This  man  did  not  develop  dengue 
during  fifteen  days  of  subsequent  observation  in  the  w&rd.  Because  of  the 
Christmas  holidays,  the  volunteer  was  allowed  to  leave  the  ward  before 
a  test  was  made  to  determine  his  susceptibility  to  dengue,  and  it  was  not 
possible  to  do  this  until  three  months  later.  No  history  could  be  obtained 
of  any  illness  during  this  period.  March  31,  1930,  twenty-six  infected 
.4.  wgypti  fed  on  him,  after  which  he  remained  well  for  a  period  of  at 
least  two  weeks  and,  therefore,  was  considered  to  be  immune  to  dengue. 
Comment:  The  results  of  this  experiment  were  inconclusive,  due  to  the 
fact  that  the  volunteer  used  to  test  the  infectivity  of  the  mosquitoes 
was  immune. 

Experiment  3. — February  21,  1930.  Twenty-one  of  twenty-six  C.  quin- 
quefasciatus  called  lot  170,  which  had  partially  filled  with  infective  blood 
from  A.V.  80-L  between  6.30  and  9.30  p.  m.  on  the  first  day  of  dengue, 
completed  feeding  before  10.30  p.  m.  on  a  susceptible  volunteer  (A.V.  82— 
F).  Dengue  did  not  develop  during  an  observation  period  of  eighteen  days; 
however,  after  one  hundred  eight  infective  A.  segypti  of  lot  167  had  fed 
March  4,  dengue  followed  March  11,  1930.  Conmient:  In  this  experiment 
twenty-one  C.  quinque fasciatus,  which  had  partially  fed  on  dengue  blood 
and  immediately  refed  on  a  susceptible  volunteer,  failed  to  transmit  dengue. 

Experiment  4. — March  13,  1930.  Twelve  of  twenty-six  normal  C,  quin- 
quefasciatus,  designated  lot  185,  which  had  taken  partial  feedings  of  in- 
fective blood  from  a  patient  (A.V.  83~R)  between  7  and  10.30  p.  m.  on 
the  first  day  of  dengue,  completed  feeding  within  an  hour  on  a  susceptible 
volunteer  (A.V.  85-T).  Dengue  did  not  develop  during  eighteen  days  ob- 
servations. Infected  A.  asgypti  of  lot  164  were  fed  March  26,  and  after 
six  and  one-half  days  dengue  occurred  April  1,  proving  that  the  volunteer 
was  not  immune.  Comment:  In  this  experiment  the  refeeding  of  twelve 
C.  qidnquefasciatus,  immediately  after  they  had  ingested  dengue  blood, 
failed  to   cause  the  disease  in  a  susceptible  volunteer. 

Experiment  5. — March  13,  1930.  Eight  of  twenty-six  C.  quinquefas- 
ciatus  called  lot  185,  which  had  taken  infective  blood  from  a  patient  (A. 
V.  83-R)  between  7  and  10.30  p.  m.  on  the  first  day  of  dengue,  completed 
feeding  between  9  and  11  p.  m.  on  a  susceptible  volunteer  (A.V.  86-B). 
This  man  remained  well  for  seventeen  days.  However,  after  being  bitten 
by  twenty-three  A.  segypti,  lot  165,  March  26,  dengue  developed  March  31. 
Conmient:  In  this  experiment  the  refeeding  of  eight  C,  quinque f as ciatiLs 
within  a  few  minutes  after  they  had  ingested  infective  dengue  blood  failed 
U>  cause  the  disease  in  a  susceptible  volunteer. 

MECHANICAL  TRANSMISSION   OF  DENGUE  VIRUS  BY  AEDES  iEGYPTI 

Experiment  6. — March  24,  1930.  Two  hundred  normal  A.  xgypti,  called 
lot  189,  which  at  10.30  a.  m.  had  taken  partial  feedings  of  infective  blood 
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from  a  volunteer  (A.V.  87-R)  during  the  first  day  of  dengue,  were  trans- 
ferred immediately  to  a  susceptible  volunteer  (A.  V.  94-K).  More  than 
one  hundred  twenty-five  of  the  mosquitoes  refed  and  became  filled  with 
blood.  After  an  incubation  period  of  seven  to  nine  days  this  volunteer 
developed  dengue  fever.  Comment:  In  this  experiment  dengue  was  ap- 
parently transmitted  to  man  through  the  interrupted  feedings  of  A.  xgypti. 
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Fig.  11.    Experimental  dengue  in  American  volunteer  94. 


DISCUSSION 

The  results  obtained  in  these  experiments  indicate  that  dur- 
ing the  infective  period  of  dengue  fever,  virus  may  be  carried 
from  patients  to  susceptible  individuals  by  immediate  mechanical 
transfer  on  or  in  the  proboscis  of  C.  qninqiiefasciatus  or  A. 
segypti.  However,  such  transfer  of  virus  occurred  only  in  ex- 
periments 1  and  6,  in  which  relatively  large  numbers  of  mosqui- 
toes, fifty-four  and  one  hundred  twenty-five,  respectively, 
completed  their  feedings  on  susceptible  volunteers;  while  in 
similar  experiments  performed  with  eight,  twelve,  and  twenty- 
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Table  5.- 


-Mechanical  transmission  of  dengue  virus  by  interrupted  feedings 
of  Culex  quinquefasciatus  and  Aedes  segypti. 


Experi- 
ment 

No. 


Date. 


Oct.  31,  1929 

Dec.  4,  1929 
Feb.  21,  1930 
Mar.  13, 1930 
Mar.  13,  1930 
Mar.  24, 1930 


Mosquitoes  allowed  partial  feedings  of  infective  blood. 


Experimental  case  of 
dengue. 


Mosquitoes  that  took  blood. 


Volunteer. 

Day  of 

the 
disease. 

1        Species. 

!    ._ __    . 

i  Culex      quin- 

Lot 

No. 

A.V.  55-S-_ 

First 

97 

quefasciatus. 

A.V,  eO-S.- 

...do 

do 

132 

A.V.  80-L.. 

...do 

! do 

170 

A.V.  83-R.. 

--.do 

i do 

185 

A.V.  83-R_. 

...do 

• do 

185 

A.V.87-R._ 

.--do 

Aedes  xgypti-. 

189 

Num- 
ber 
fed. 


100 

8 

26 

26 

26 

160 


Time  fed. 


9-10.30  p.  m. 

6.30-7.30  p.  m 
6.30-9.30  p.  m 
7-10.30  p.  m. 
7-10.30  p.  m. 
10.30  a.m. 


Same  mosquitoes  refed  on  susceptible  volunteers. 


Time  fed. 


1   j  Oct.  31,  1929  I  10.30-11.30  p.  m_ 


Dec.  4,  1929 
Feb.  21,  1930 
Mar.  13,  1930 
Mar.  13,  1930 
Mar.  24,  1930 


6.45-8  p.  m 

6.45-10.30  p.  m. 

8-11  p.  m 

8-11.00  p.  m 

10.45  a.  m 


Number  ! 
fed.     1 


Volunteer. 


Results. 


54      A.V.  54-K._j_ -Dengue  fever  (in  11}  to 
13  days). 
8  '■:  A.V.  58-S.  J  Immune. 
21  I  A.V.  82-F_-'  Negative. 
12  I  A.V.  85-T_-  Do. 

8  i  A.V.  86-B..  Do. 

125  i  A.V.  94-K..    Dengue  fever  (in  7  to  9 
days). 


one  mosquitoes  the  results  v^ere  negative.  These  results  indicate 
either  that  many  individual  mosquitoes  failed  to  mechanically 
carry  infective  blood  or  virus;  or  that  each  mosquito  used 
carried  to  the  volunteer  such  minute  amounts  of  the  patient's 
blood  that  large  numbers  of  mosquitoes  feeding  simultaneously 
were  necessary  in  order  to  transfer  sufficient  virus  to  cause 
dengue  infection  in  man.  From  the  rather  long  incubation 
period  it  may  be  suspected  that  even  in  the  successful  experi- 
ments only  small  amounts  of  dengue  virus  vv^ere  injected  into 
the  volunteers.  For  example,  after  the  refeeding  of  fifty-four 
C.  quinquefasciatus  dengue  was  not  apparent  until  eleven  and 
one-half  to  thirteen  days  had  elapsed;  while  after  the  refeed- 
ing of  over  one  hundred  twenty-five  A,  xgypti  dengue  occurred 
after  seven  to  nine  days.  In  this  connection  it  is  of  interest 
to  note  that  three  volunteers,  inoculated  with  Handler  or  Berke- 
feld  filtrates  of  suspensions  of  infected  mosquitoes,  also  had 
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rather  long  incubation  periods,  which  were  believed  to  have 
resulted  from  the  small  amounts  of  virus  injected.  Whatever 
the  real  explanation  may  be,  the  experimental  results  indicate 
that  relatively  large  numbers  of  mosquitoes  are  required  for 
mechanical  transmission  of  dengue  or  that  it  is  rarely  trans- 
mitted in  this  manner  by  individual  mosquitoes.  As  it  seems 
probable  that  such  favorable  conditions  rarely  occur  naturally, 
it  may  be  assumed  that  mechanical  transmission  of  dengue 
by  "interrupted  feeding''  of  C  quinquefasciatus  or  A,  xgypti  can , 
occur,  but  that  it  is  probably  of  slight  importance  in  the  natural 
dissemination  of  dengue. 

SUMMARY  AND   CONCLUSIONS 

1.  The  virus  of  dengue  was  transferred  mechanically  by  (a) 
fifty-four  Culex  quinquefasciatus  and  by  (&)  one  hundred 
twenty-five  Aedes  segypti,  which  were  interrupted  while  feeding 
on  infective  dengue  blood  and  immediately  allowed  to  complete 
feeding  on  susceptible  volunteers. 

2.  The  periods  of  incubation  before  dengue  was  recognized  in 
these  two  volunteers  were  eleven  and  a  half  to  thirteen  days  in 
one  case  and  seven  to  nine  days  in  the  other. 

3.  Three  similar  transmission  experiments  in  which  only  eight, 
twelve,  and  twenty-one  C.  quinquefasciatus  were  used  resulted 
negatively. 

4.  These  experiments  indicate  that  relatively  large  numbers 
of  mosquitoes  are  necessary  for  the  transmission  of  dengue  in 
this  manner,  and  for  this  reason  it  is  considered  probable  that 
such  mechanical  transmission  rarely  occurs  in  nature. 
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OBSERVATIONS    TO    DETERMINE    WHETHER    OR    NOT 

DENGUE  VIRUS  CAN  PENETRATE  NORMAL 

HUMAN  SKIN 

While  the  usual  method  of  transmission  of  dengue  by  certain 
insect  vectors  is  now  well  recognized,  it  was  considered  of  some 
practical  interest  to  determine  whether  or  not  the  virus  of  den- 
gue, like  certain  other  viruses  and  bacteria,  is  able  to  penetrate 
normal  human  skin  and  in  this  way  cause  infection. 

Such  direct  passage  of  the  virus  if  it  occurred  would,  of 
course,  make  it  possible  to  contract  dengue  by  contamination 
of  the  skin  with  blood  or  other  virus-containing  materials  from 
dengue  patients,  with  the  crushed  bodies  of  dengue-infected 
insects,  or  with  the  infective  excretions  of  insects.  The  chronic 
and  prolonged  carrier  state  developed  in  Aedes  xgypti  after 
infection  with  dengue  virus  allows  one  at  least  to  speculate 
concerning  the  possibility  that  other  species  of  blood-sucking 
insects,  after  feeding  on  dengue  blood,  might  also  become  infect- 
ed, even  though  anatomical  or  biological  differences  interfered 
with  their  transmission  of  the  infection  to  man  again  during 
feeding.  If  such  chronic  dengue  infections  should  occur  in 
other  insects,  the  possibility  of  transferring  the  virus  to  man  by 
crushing  them  on  the  skin  or  by  contamination  of  the  skin  with 
their  excretions  becomes  a  problem  of  practical  importance. 

In  this  connection  the  negative  experiments  of  Ashburn 
and  Craig,  (1)  who  in  1907  attempted  to  infect  eight  healthy 
men  by  contact  with  dengue  patients  and  constant  exposure  to 
fomites,  are  of  considerable  interest.  They  concluded  that 
dengue  is  not  a  contagious  disease.  Cleland,  Bradley,  and  Mc- 
Donald (2)  (1919)  failed  to  cause  dengue  by  application  of 
infective  serum  to  the  scarified  skin  of  a  volunteer  or  by  the 
application  of  infective  materials  to  the  nasal  mucous  mem- 
branes. However,  they  obtained  a  doubtful  result  when  in- 
fective material  was  used  as  a  throat  gargle  and  then  swallowed. 

While  these  observations  indicate  that  the  virus  of  dengue  as 
it  exists  in  infective  blood  is  probably  not  able  to  penetrate 
even  the  abraded  human  skin,  recent  reports  concerning  the 
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penetration  of  the  skin  of  monkeys  by  yellow-fever  virus  from 
infective  mosquitoes  suggested  the  advisability  of  further  work 
with  dengue  along  similar  lines. 

In  1928,  it  was  observed  by  Bauer  and  Hudson  (3)  that  the 
virus  of  yellow  fever,  which  in  many  ways  behaves  similarly 
to  dengue  virus,  when  present  in  sufficient  amount  in  the  blood 
of  animals  can  penetrate  the  intact  skin  of  rhesus  monkeys  and 
produce  infection.  These  workers  were  also  able  to  infect  a 
monkey  with  yellow  fever  by  applying  to  the  scarified  skin  one 
drop  of  a  suspension  prepared  by  macerating  ten  infected  Aedes 
33gypti  in  a  mortar  with  1  cubic  centimeter  of  salt  solution. 
However,  similar  amounts  of  this  same  suspension  rubbed  on 
the  shaven  skin  of  a  second  monkey  and  on  the  unbroken  skin 
of  another  failed  to  produce  the  disease  in  both  tests. 

Marchoux(4)  (1929)  observed  that  members  of  the  French 
Yellow  Fever  Commission  in  Brazil>  during  1903,  performed 
about  one  hundred  autopsies  with  their  bare  hands,  yet  none  of 
them  became  infected.  However,  as  the  virus  practically  al- 
ways disappears  from  the  blood  and  organs  before  death,  this 
does  not  prove  that  yellow-fever  virus  cannot  penetrate  the 
skin.  He  also  reported  experiments  in  which  applications  of 
infective  defibrinated  blood  to  the  conjunctiva  and  skin  of  ani- 
mals failed  to  produce  the  disease ;  while  emulsions  of  infected 
liver  instilled  into  the  conjunctival  sac  or  placed  on  the  exco- 
riated skin  did  cause  yellow  fever. 

Aragao  and  Lima(5)  (1929)  reported  that  yelloW-fever  virus 
in  the  fseces  of  infected  Aedes  segypti,  when  applied  either  to 
the  intact  conjunctiva  or  the  unbroken  skin  of  susceptible  mon- 
keys, caused  the  disease. 

EXPERIMENTAL 

In  order  to  determine  whether  or  not  penetration  of  the  skin 
by  dengue  virus  is  possible,  and  if  so  whether  this  might  be  of 
practical  importance  in  the  natural  transmission  of  the  disease, 
the  following  experiments  were  performed  in  which  materials 
from  mosquitoes  infected  with  dengue  were  rubbed  on  the  skin 
of  susceptible  human  volunteers. 

Experiment  1. — July  11,  1929.  Two  A,  ssgypti  of  lot  25,  which  lot  had 
been  proved  to  be  infected  with  dengue,  were  stunned  by  ja'rring,  and 
were  immediately  crushed  on  the  inner  portion  of  the  middle  third  of  the 
right  arm  of  a  susceptible  human  volunteer  (A.V.  26-T).  By  means  of 
the  rounded  end  of  a  glass  test  tube  the  crushed  mosquito  bodies  were 
then  rubbed  thoroughly  over  the  intact  skin.  The  volunteer,  who  had 
already  been  observed  in  a  screened  cubicle  during  a  preliminary  observa- 
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tion  period  of  eleven  days,  did  not  develop  dengue  from  this  experiment. 
The  volunteer's  susceptibility  to  dengue  was  demonstrated  twenty-three 
days  later,  when  the  feeding  on  him  of  eight  dengue-infected  A,  albopictus 
of  lot  29,  July  29,  resulted  in  dengue  August  4.  Comment:  The  crushed 
bodies  of  two  presumably  dengue-infected  A.  segypti  rubbed  into  the  in- 
tact skin  of  a  susceptible  human  volunteer  failed  to  produce  dengue  in 
this  volunteer. 

Experiment  2. — July  11,  1929.  Two  mosquitoes  from  a  dengue-infected 
lot  of  A,  segypti  (lot  25)  were  killed  and  crushed  in  a  similar  manner 
on  the  skin  of  a  susceptible  human  volunteer  (A.V.  27-P).  After  the 
mosquitoes  had  been  well  rubbed  in,  the  skin  was  abraded  by  the  volunteer, 
who  had  been  instructed  to  scratch  the  area  as  though  it  itched.  As  a 
result,  serum  and  a  trace  of  blood  exuded  from  the  scratches.  The  vol- 
unteer, who  had  had  the  usual  preliminary  observation  period  before  the 
test,  did  not  develop  dengue  from  this  procedure.  His  susceptibility  was 
proved  one  month  later  when  he  developed  dengue  August  11,  five  days 
after  being  bitten  by  one  infected  A.  albopictus  of  lot  29.  Comment: 
Dengue  virus  from  the  crushed  bodies  of  two  presumably  dengue-infected 
A.  segyptiy  scratched  and  rubbed  into  the  abraded  skin  of  a  susceptible 
human  volunteer,  failed  to  cause  dengue. 

Experiment  3, — October  26,  1929.  Eleven  mosquitoes  from  dengue- 
infected  A.  segypti  lot  71  were  allowed  to  feed  on  a  volunteer  (A.V.  55-S). 
After  an  incubation  period  of  five  days,  dengue  fever  developed,  proving 
that  this  portion  of  lot  71  contained  infected  mosquitoes.  October  28, 
1929,  or  two  days  after  feeding  on  volunteer  55-S,  all  of  these  eleven 
mosquitoes  were  killed,  ground  with  pyrex  glass  "sand''  in  a  sterile  por- 
celain mortar,  and  suspended  in  1  cubic  centimeter  of  physiologic  salt 
solution.  This  saline  suspension  of  mosquitoes  and  dengue  virus  was  im- 
mediately applied  to  the  scarified  skin  of  a  human  volunteer  (A.V.  56-K) 
in  the  following  manner.  With  a  sterile  needle  three  linear  scratches, 
each  about  2  centimeters  in  length,  were  made  in  the  thin  skin  over  the 
upper  anterior  aspect  of  the  forearm.  While  no  blood  was  drawn,  small 
amounts  of  serum  appeared  in  the  abrasions.  Then  about  0.2  cubic  cen- 
timeter of  the  saline  suspension  of  dengue  virus  was  rubbed  into  each 
of  two  of  the  abrasions,  leaving  one  uninoculated  for  control  observations 
on  any  local  reaction  that  might  have  developed.  There  was  no  local 
reaction  nor  did  this  procedure  cause  dengue.  The  volunteer  was  proved 
susceptible  to  the  disease  twenty-six  days  later  when,  November  23,  1929, 
dengue  resulted  from  twenty-five  A,  segypti  of  lot  104*which  had  fed  on 
him  seven  days  earlier.  Comment:  Four-tenths  (0.4)  of  a  cubic  centi- 
meter of  a  saline  suspension  representing  approximately  four  dengue- 
infected  A.  segypti  rubbed  into  the  abraded  skin  of  a  human  volunteer 
failed  to  cause  dengue. 

DISCUSSION 

Ashburn  and  Craig(l)  in  1907  exposed  healthy  men  to  the 
fomites  of  dengue  patients  in  a  manner  similar  to  the  experi- 
ments of  Walter  Reed  and  his  coworkers  with  yellow  fever. 
Since  eight  volunteers  exposed  in  this  way  failed  to  develop 
dengue,  it  was  concluded  that  dengue  could  not  be  transferred 
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by  contact  with  patients.  Cleland,  Bradley,  and  McDonald (2) 
(1919)  failed  to  transmit  dengue  when  infective  material  was 
applied  to  the  nasal  mucous  membranes  or  when  dengue-infec- 
tive serum  was  applied  to  the  scarified  skin. 

The  negative  results  obtained  in  our  experiments  do  not,  of 
course^  prove  that  dengue  virus  is  unable  to  penetrate  the  skin 
under  all  conditions.  For  example,  the  concentration  of  virus 
in  the  materials  used  may  be  an  important  factor,  ^s  was  sug- 
gested by  the  work  of  Bauer  and  Hudson  (3)  v^ith  yellow-fever 
virus.  These  investigators  observed  that  when  blood  drawn 
from  animals  at  the  beginning  of  yellow  fever  was  applied 
to  the  unbroken  skin  of  monkeys,  infection  resulted;  while  ap- 
plications of  blood  that  had  been  drawn  later  in  the  disease  and, 
therefore,  presumably  contained  less  virus  failed.  Further- 
more, when  saline  suspensions  of  infected  mosquitoes  were  used 
yellow  fever  occurred  only  when  the  material  was  applied  to 
abraded  skin. 

Howevei:,  in  the  present  work  with  dengue,  it  may  be  presumed 
that  the  materials  used  contained  sufficient  virus  to  cause  in- 
fection if  penetration  of  the  skin  had  occurred,  since  two  mos- 
quitoes from  a  known  infected  lot  were  used  in  both  experiments 
1  and  2,  while  the  saline  suspension  used  in  experiment  3  rep- 
resented the  equivalent  of  at  least  four  and  four-tenths  mosqui- 
toes known  to  have  been  infected. 

CONCLUSIONS 

1.  In  these  experiments  dengue  virus  from  infected  Aedes 
segypti,  rubbed  on  both  the  intact  and  the  excoriated  skin  of 
susceptible  human  volunteers,  failed  to  penetrate  the  skin  and 
cause  dengue.  Therefore,  it  seems  that  contamination  of  the 
skin  by  dengue  virus  from  crushed  A.  segypti  or  from  other 
insects  in  which  the  virus  might  exist,  is  probably  not  a  factor 
in  the  naturaf  spread  of  dengue. 
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OBSERVATIONS  ON  THE  POSSIBILITY  OF  HEREDITARY 

TRANSMISSION  OF  DENGUE  FROM  INFECTED 

FEMALE    AfiDES    ^GYPTI    THROUGH 

THE  EGG  TO  THE  OFFSPRING 

The  possibility  of  the  transmission  of  dengue  virus  through 
the  eggs  of  infected  female  Aedes  segypti  to  their  offspring,  as 
the  organism  of  Rocky  Mountain  spotted  fever  may  be  passed 
through  the  eggs  of  its  vector,  Dermacentor  andersoni,  was  re- 
considered, since  such  hereditary  transfer,  if  proved,  should  be 
of  great  importance  to  those  interested  in  the  control  of  dengue. 

In  1905,  Marchoux  and  Simond,(i)  in  an  attempt  to  find  an 
explanation  for  the  reappearance  of  yellow  fever  in  places  from 
which  the  disease  had  apparently  disappeared,  conducted  exper- 
iments to  determine  whether  or  not  this  might  be  caused  by 
mosquitoes  that  had  inherited  the  infection  by  passage  of  the 
virus  of  yellow  fever  through  the  egg.  According  to  their  re- 
port they  succeeded,  in  one  instance,  in  producing  yellow  fever 
with  mosquitoes  that  had  hatched  from  the  eggs  of  infected 
mosquitoes.  However,  Phillips  (2)  injected  two  hundred  eggs 
laid  by  yellow-fever-infected  mosquitoes  into  six  normal  Maca- 
cus  rhesus  monkeys,  with  negative  results.  In  five  biting  and 
two  injection  experiments  with  progeny  of  the  same  infective  lot 
of  mosquitoes,  using  seven  normal  monkeys,  the  results  were 
also  negative.  Consequently,  it  was  concluded  that  under  the 
conditions  of  his  experiments  hereditary  transmission  of  yellow 
fever  by  A.  dsgypti  was  improbable. 

Siler,  Hall,  and  Hitchens(3)  investigated  this  possibility  with 
mosquitoes  infected  with  dengue.  They  collected  the  eggs  laid 
by  A.  segypti  that  had  been  proved  to  be  infected  with  dengue 
virus ;  and  fed  the  adults  raised  from  these  eggs  on  sugar  solu- 
tions for  periods  of  three  to  forty-two  days,  after  which  they 
were  allowed  to  feed  on  three  human  volunteers.  Eight  days 
later  the  various  lots  were  again  applied  to  the  same  volunteers 
with  negative  results.  After  another  period  of  eight  days  the 
volunteers  were  tested  to  determine  their  susceptibility  by  ex- 
posure to  lots  of  infective  A,  segypti.     It  was  shown  that  one  of 
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the  volunteers  was  immune  to  dengue,  but  two  were  suscepti- 
ble. The  following  statement  was  made  concerning  the  results : 
"We  believe  the  conclusion  is  justified  that  the  virus  of  dengue 
fever  does  not  pass  from  the  infected  Aedes  through  its  eggs 
to  the  next  succeeding  generation/' 

EXPERIMENTAL 

It  was  considered^  possible  that  even  if  dengue  virus  should 
pass  from  the  infected  female  through  the  egg  to  the  offspring, 
the  latter  might  not  be  able  to  transmit  the  infection  to  man 
until  twelve  or  more  days  had  elapsed  following  the  first  feeding 
of  normal  blood.  With  this  possibility  in  mind,  the  following 
experiment  was  performed. 

Experiment  1. — December  15,  1928,  fifty  normal  Aedes  a3gypti  took  full 
feedings  of  infective  blood  from  a  case  of  dengue  (Keller)  during  the  sec- 
ond day  of  the  disease  and  were  designated  lot  1.  This  was  the  first 
passage  of  the  strain  of  dengue  virus  used  throughout  the  various  inves- 
tigations made  by  the  present  board.  Lot  1  A,  segypti  transmitted  den- 
gue by  feeding  December  31,  1928,  on  two  susceptible  volunteers  (A.V. 
1-H  and  A.V.  2-M).  Between  January  4  and  8,  1929,  or  from  twenty  to 
twenty-four  days  after  the  infective  feeding  on  Keller,  the  mosquitoes  of 
lot  1  laid  eggs  which  were  collected  and  placed  in  a  jar  of  water.  Be- 
tween January  15  and  20,  1929,  the  adult  mosquitoes  emerged  and  were 
fed  on  the  blood  of  a  normal  guinea  pig  as  follows:  January  21,  twelve 
fed;  January  22,  nineteen  fed;  January  23,  eighteen  fed,  and  January  24, 
eleven  fed;  making  a  total  of  sixty  mosquitoes,  which  were  combined  and 
designated  A.,  segypti  lot  8. 

February  12,  or  from  nineteen  to  twenty-two  days  after  feeding  on 
normal  guinea-pig  blood,  forty-eight  mosquitoes  of  lot  8  took  full  feedings 
of  blood  from  a  susceptible  volunteer  (A.V.  4-Y).  Dengue  did  not  de- 
velop during  an  observation  period  of  thirteen  days.  However,  after  being 
tested  for  susceptibility  with  a  known  infective  lot  of  A,  segypti  (No.  2) 
February  19,  1929,  this  volunteer  had  dengue  fever  seven  and  one-half  days 
later,  on  the  evening  of  February  26,  1929. 

CONCLUSION 

The  negative  result  obtained  in  this  experiment  agrees  with 
the  observations  reported  by  Siler,  Hall,  and  Hitchens  and  in- 
dicates that  dengue  virus  is  not  transmitted  from  infected  fe- 
male A.  segypti  through  the  egg  to  the  offspring. 
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EXPERIMENTAL    ATTEMPTS    TO    TRANSMIT    DENGUE 

VIRUS  DIRECTLY  TO  LARV^  OF  NORMAL 

AEDES  ^GYPTI 

The  extreme  susceptibility  of  adult  Aedes  ssgypti  to  infection 
with  dengue  virus,  and  the  long  chronic  carrier  state  that  fol- 
lows infection  of  this  mosquito,  suggested  the  possibility  that  A. 
^gypti  might  also  be  infected  during  the  larval  stage  by 
ingestion  of  dengue  virus,  added  intentionally  or  accidentally 
to  the  fluids  in  which  they  are  developing,  and  that  if  such 
infection  were  acquired  it  might  persist  throughout  the  adult 
stage  of  the  mosquito.  If  it  were  possible  to  infect  A.  segypti 
larvae  in  such  a  manner,  the  question  would,  of  course,  arise  as 
to  the  possibility  of  transferring  dengue  virus  in  nature  directly 
from  infected  adult  mosquitoes  to  normal  larvae  by  the  accidental 
contamination  of  small  breeding  places,  with  the  infective  se- 
cretions or  the  dead  bodies  of  the  former.  Such  an  occurrence 
would  indicate  the  possibility  of  maintaining  the  virus  of  dengue 
in  endemic  localities  by  mosquitoes  alone,  without  the  necessity 
of  alternate  passages  through  vertebrate  hosts. 

No  reference  was  found  in  the  available  literature  to  such 
investigations  with  dengue.  However,  according  to  Witting- 
ham,(i)  in  1924  the  Royal  Air  Force  Sandfly  Commission  ob- 
served that  larvae  of  Phlebotomus  which  were  obtained  from 
adults  infected  with  the  virus  of  sand-fly  fever  and  bred  under 
sterile  conditions,  except  that  they  may  have  ingested  the  de- 
jecta or  dead  remains  of  the  parent  flies,  became  infected  after 
a  preliminary  feeding  of  normal  human  blood,  and  the  adults 
that  developed  from  these  larvae  were  able  to  transmit  the  dis- 
ease to  man. 

EXPERIMENTAL 

In  these  studies,  eggs  from  normal  Aedes  mgypti  were  placed 
in  fruit  jars  containing  100  to  500  cubic  centimeters  of  tap 
water.  After  the  eggs  had  hatched,  thin  slices  of  ripe  banana 
were  added  to  each  jar  as  food  for  the  larvae.  At  various  in- 
tervals thereafter,  suspensions  of  adult  A.  segypti  infected  with 
dengue  virus  were  added.    The  adult  mosquitoes  that  developed 
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from  these  larvae  were  later  tested  for  infectivity  by  feeding  on 
susceptible  human  volunteers. 

Experiment  1. — August  9,  1929.  About  one  hundred  recently  hatched 
A,  segypti  larvae  were  placed  in  a  fruit  jar  containing  500  cubic  centimeters 
of  tap  water  and  a  slice  of  banana.  To  this  water  was  added  a  sus- 
pension prepared  by  macerating  in  distilled  water  five  dengue-infected 
,  A,  segypti  of  lot  32.  Similar  suspensions,  each  made  with  five  infective 
I  mosquitoes,  were  prepared  daily  and  added  to  the  water  August  10,  11, 
12,  13,  14,  15,  afid  16.  August  17  the  water  in  the  jar  was  found  to  be 
slightly  acid  to  litmus  and  was  changed  in  the  following  manner.  The 
larvsB  were  transferred  to  a  clean  jar  containing  50  cubic  centimeters  of 
fresh  tap  water  to  which  a  suspension  of  five  dengue-infected  adult 
mosquitoes  had  been  added.  One  hour  later  400  cubic  centimeters  of  clean 
water  was  added  and  the  jar  was  placed  in  a  screened  cage.  As  some  of 
the  mosquitoes  were  already  in  the  pupal  stage,  a  few  adults  emerged  on 
the  following  day,  August  18.  By  August  20  only  a  few  larvae  remained 
in  the  jar  and  the  cage  contained  a  considerable  number  of  adult  male 
and  female  m.osquitoes.  The  females  were  separated  and  designated  A. 
segypti  lot  62-B. 

Test  for  infectivity. — August  26,  1929,  or  at  least  six  days  after  they 
had  emerged,  thirty-three  female  mosquitoes  of  lot  62-B  took  blood  from 
a  susceptible  volunteer  (A.V.  36-V).  Eight  days  later  (September  3) 
some  of  the  mosquitoes  fed  again  on  the  same  volunteer,  and  a  third  feeding 
with  lot  62-B  took  place  September  11,  1929.  Dengue  did  not  develop 
between  September  11  and  26.  The  susceptibility  of  this  volunteer  was 
proved  by  another  experiment  in  which  twenty-eight  A,  segypti  of  com- 
bined lots  44,  45,  46,  and  47,  which  fed  Septem.ber  21,  produced  dengue 
after  an  incubation  period  of  five  days  on  September  26,  1929.  Comment: 
In  this  experiment  A.  segypti  that  had  lived  during  their  larval  stage  in 
500  cubic  centimeters  of  tap  water  containing  banana,  to  which  was  added 
daily  suspensions  of  five  infected  adult  mosquitoes,  failed  to  transmit 
dengue  by  feeding  on  a  susceptible  volunteer. 

Experiment  2. — November  18,  1929.  About  two  hundred  recently  hatched 
normal  A,  segypti  larvae  were  placed  in  each  of  three  fruit  jars  containing 
250  cubic  centimeters  of  distilled  water,  to  which  were  added  two  macerated 
A.  segypti  of  lot  101  which  had  taken  infective  blood  from  A.V.  55-<S  dur- 
ing the  first  day  of  dengue.  The  infectivity  of  lot  101  was  never  de- 
termined, but  the  presence  of  dengue  virus  iri  the  blood  of  A.V  55-S  at 
the  time  of  blood  feeding  was  proved  by  lot  104,  which  later  caused 
dengue  in  A.V.  56-K  and  A.V.  49-L.  Subsequently,  A.  segypti  o^  lot  101 
were  added  to  the  water  in  each  jar  as  follows:  November  19,  two  mos- 
quitoes were  added.  November  20,  two  mosquitoes  were  added;  at  9  a. 
m.  and  at  12  noon  a  small  slice  of  banana  was  placed  in  each  jar.  No- 
vember 21,  at  9  a.  m.,  larvae  were  transferred  to  bottles,  each  of  which  con- 
tained 30  cubic  centimeters  of  distilled  water  and  two  mosquitoes  of  lot 
101;  and  were  left  in  the  bottles  for  three  hours,  after  which  they  were 
returned  to  the  jars  with  250  cubic  centimeters  of  water.  November  22, 
23,  and  24,  two  mosquitoes  of  lot  101  were  added  daily  to  each  jar.  No- 
vember 25,  at  9   a.  m.,  larvae  were  transferred  to  bottles  containing  30 
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cubic  centimeters  of  distilled  water  and  two  mosquitoes  of  lot  101,  and  were 
left  in  these  bottles  until  the  following  day.  November  26,  at  J.0  a.  m., 
the  larvae  were  returned  to  the  jars  and  ten  mosquitoes  of  lot  101,  ^hich 
had  died  during  the  previous  day,  were  added  to  each  jar;  at  noon  thin 
slices  of  banana  were  added.  November  27  and  28,  two  mosquitoes  of  lot 
101  were  added.  November  29,  at  7  a.  m.,  the  larvae  were  transferred  to 
bottles  containing  30  cubic  centimeters  of  distilled  water  and  two  mos- 
quitoes of  lot  101  and  at  noon  they  Were  returned  to  the  jars  contain- 
ing 250  cubic  centimeters  of  water  and  slices  of  banana.  November  30 
and  December  1  and  2,  two  mosquitoes  of  lot  101  were  added  daily  to 
each  jar.  December  3,  at  8  a.  m.,  larvae  were  transferred  to  bottles  con- 
taining 30  cubic  centimeters  of  distilled  water  and  two  mosquitoes  of  lot 
101  and  were  left  until  noon,  after  which  they  were  returned  to  the  jars 
as  usual.  December  4  and  5,  two  mosquitoes  of  lot  101  were  added  daily 
to  each  jar.  December  6,  larvae  were  transferred  to  new  jars  with  fresh 
water  and  banana.  December  8,  larvae  were  transferred  to  clean  fruit 
jars  containing  fresh  water  and  banana  and  ten  mosquitoes  of  lot  101 
were  added  to  each.  The  first  pupae  appeared  November  30,  and  as  they 
developed  they  were  transferred  into  bottles  of  distilled  water  and  adults 
were  allowed  to  emerge  in  a  screened  cage  labeled  '^A.  segypti  lot  127.'' 

Test  to  determine  infectivity  of  A.  segypti  lot  127. — December  19,  1929, 
eighty-five  mosquitoes  of  lot  127  took  feedings  of  normal  blood  from 
Staff  Sergeant  Rhodes.  After  an  interval  of  thirty-four  days,  one  hundred 
ten  mosquitoes  of  lot  127  fed  on  a  volunteer  (A.V.  76-M)  at  8  a.  m., 
January  22,  1930.  Dengue  did  not  develop  during  sixteen  days  observation. 
The  susceptibility  of  this  man  (A.V.  76-M)  to  dengue  was  proved  by  the 
fact  that  sixty-one  infective  A.  segypti  of  lot  137,  which  fed  on  him 
February  1,  1930,  produced  dengue  February  7,  1930.  Comment:  In  this 
experiment  A.  segypti,  which,  during  the  larval  stage  had  developed  in 
water  repeatedly  contaminated  by  additions  of  macerated  potentially  in- 
fected A.  segypti,  failed  to  produce  dengue  in  a  susceptible  human  volunteer. 

DISCUSSION 

While  the  failure  to  infect  Aedes  segypti  larvae  with  dengue 
in  these  experiments  seems  to  indicate  that  such  infection  may 
not  be  of  importance  in  the  natural  spread  of  the  virus,  it  is, 
of  course,  possible  that  larvae  might  be  infected  under  slightly 
different  circumstances.  So  little  is  known  concerning  the  biol- 
ogy of  the  virus  of  dengue,  its  viability  in  various  mediums  and 
under  different  conditions  of  temperature  and  hydrogen-ion 
concentration,  or  concerning  the  amounts  of  virus  present  in 
mosquitoes  or  other  infective  materials,  that  it  will  be  necessary 
to  investigate  the  question  further  before  it  can  be  stated  that 
larvae  of  A.  segypti  are  not  susceptible  to  infection.  For  in- 
stance, it  seems  possible  that  after  suspensions  of  infected  mos- 
quitoes were  added  to  the  water,  the  dilution  of  virus  might 
have  been  so  great  that  none  of  it  was  ingested  by  the  larvae ;  it 
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is  also  possible  that  the  virus  was  unable  to  survive  in  the  water 
long  enough  to  reach  the  larvse  in  an  infective  condition.  Un- 
der natural  conditions  Aedes  larvse  may  be  found  developing  in 
small  collections  of  water  in  receptacles  containing  many  dif- 
ferent substances,  which  no  doubt  influence  its  hydrogen-ion 
reaction  and  its  nutritive  value,  and  it  seems  possible  that 
further  investigation  might  show  that  larvse  may  be  infected 
with  dengue  by  the  ingestion  of  virus  contaminating  the  medium 
in  which  they  develop. 

SUMMARY  AND  CONCLUSIONS 

1.  Adult  female  Aedes  segypti,  developed  from  larvse  that  had 
lived  in  water  contaminated  at  intervals  by  the  addition  of  small 
amounts  of  macerated  infective  adult  mosquitoes,  failed  to  trans- 
mit dengue  to  susceptible  human  individuals. 

2.  However,  it  was  not  possible  to  be  certain  that  the  dengue 
virus  added  to  the  water  was  ingested  by  these  larvse  or  that 
it  remained  alive  long  enough  to  cause  infection  even  if  it  were 
ingested. 

3.  Further  investigation  may  show  that  under  different  con- 
ditions mosquito  larvse  may  be  infected  with  dengue  virus. 
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OBSERVATIONS  ON  THE  POSSIBILITY  OF  TRANSMIT- 
TING   DENGUE    VIRUS    FROM    INFECTED    TO 
NORMAL  AfiDES  ^GYPTI   THROUGH 
CONTAMINATED  FOOD 
OR  WATER 

As  dengue  virus  escapes  from  the  proboscis  of  infective  female 
Aedes  segypti  while  they  are  feeding  on  blood,  it  was  considered 
possible  that  a  similar  escape  of  the  virus  might  occur  during 
the  ingestion  of  other  foods  or  water,  and  make  it  possible  for 
normal  mosquitoes  feeding  subsequently  on  the  "contaminated" 
material  to  ingest  the  virus  and  become  infected. 

EXPERIMENTAL 

In  the  following  experiments  an  attempt  was  made  to  trans- 
mit dengue  in  this  manner,  by  placing  banana,  papaya,  sugar 
solutions,  and  water  in  the  cages  of  infected  mosquitoes  for 
various  periods  of  time  and  then  transferring  these  materials 
to  cages  containing  normal  mosquitoes.  After  intervals  of  sev- 
eral days,  the  latter  groups  of  mosquitoes  were  tested  for  inf ec- 
tivity  by  allowing  them  to  feed  on  susceptible  human  volunteers. 

Experiment  1. — August  1,  1929.  Small  glass  containers  for  banana 
and  papaya  were  prepared  from  sections  of  glass  tubing,  and  cups  for 
water  were  made  by  cutting  off  the  lower  portion  of  homeopathic  vials. 
A  fresh  set  of  these  containers,  filled  with  water  and  fruit,  respectively, 
was  placed  each  day  in  a  cage  containing  a  large  number  of  infective  A, 
S2gypti,  lot  32.  After  use  for  twenty-four  hours,  the  food  and  water  con- 
tainers were  transferred  to  a  cage  containing  two  hundred  normal  A. 
segyptL  Large  numbers  of  both  groups  of  mosquitoes  fed  on  the  same  ma- 
terials. This  procedure  was  kept  up  daily  for  several  weeks,  after  which 
the  normal-group  mosquitoes  were  allowed  to  feed  on  normal  human 
blood  and  reserved  for  later  tests  on  human  volunteers.  Unfortunately, 
the  mortality  was  so  great  among  these  mosquitoes  that  their  infectivity 
could  not  be   determined. 

Experiment  2. — August  14,  1929.  Papaya,  banana,  and  water  were 
transferred  daily,  as  in  experiment  1,  from  a  cage  containing  infective 
A,  aegyptiy  lot  30,  to  a  cage  containing  one  hundred  normal  A.  xgypti, 
which  were  called  lot  62-A.  September  14,  or  thirty-one  days  after  the 
beginning  of  the  experiment,  the  six  mosquitoes  remaining  in  lot  62  were 
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given  an  opportunity  to  feed  on  a  susceptible  volunteer  (A.V.  46-L).  Four, 
of  the  mosquitoes  took  blopdj  but  dengue  did  not  develop  during  an  obser- 
vation period  of  twenty-three  days.  Comment:  Because  of  the  fact  that 
only  four  of  the  original  one  hundred  mosquitoes  were  available  for  test 
on  the  volunteer,  these  negative  results  were  considered  to  be  inconclusive. 
Experiment  3. — November  18,  1929.  A  clean  sterile  Petri  plate,  contain- 
ing approximately  15  cubic  centimeters  of  5  per  cent  sugar  solution  in 
tap  water,  was  placed  in  a  cage  containing  one  hundred  female  A,  ssgypti 
selected  from  lot  101  and  designated  lot  101-A.  The  infectivity  of  these 
mosquitoes  was  indicated  by  the  fact  that  other  A.  segypti,  lot  104,  which 
fed  at  the  same  time  as  lot  101,  transmitted  dengue  by  feeding  on  human 
volunteers  (A.V.  5G-K  and  A.V.  49-L).  After  twenty-four  hours  (No- 
vember 19)  the  sugar  solution  was  transferred  from  the  cage  of  A.  segypti, 
lot  101-A,  to  a  cage  containing  one  hundred  normal  A,  wgypti,  which  were 
designated  lot  121.  Another  clean  dish  of  fresh  sugar  solution  was  given 
to  lot  101-A.  This  routine  transfer  of  used  sugar  solution  from  lot  lOl-A 
to  lot  121  was  continued  daily  for  fifteen  days,  between  November  20  and 
December  5,  at  which  time  only  sixteen  mosquitoes  of  lot  101-A  remained 
alive. 

TESTS   FOR    INFECTIVITY 

Test  (a).— November  28,  1929,  8.15  a.  m.  Susceptible  volunteer  A.V. 
59-W  was  bitten  by  sixty-three  of  the  sixty-seven  mosquitoes  remaining  in 
lot  121  but  dengue  did  not  result. 

Test  (6). — December  5,  1929,  11.30  a.  m.  Forty-five  mosquitoes  of  lot 
121  again  fed  on  the  volunteer  (A.V.  59-W)  and  again  failed  to  cause 
dengue. 

Test  (c).— December  12,  1929.  Thirty-one  mosquitoes  of  lot  121  fed 
a  third  time  on  A.V.  59-W  with  similar  negative  results. 

Test  id). — January  14,  1930,  1  p.  m.  Sixteen  A.  sagypti  of  lot  121  fed 
on  another  susceptible  volunteer  (A.V.  74-L),  who  also  failed  to  develop 
dengue  during  an  observation  period  of  seventeen  days. 

Comment. — Normal  A.  segypti  of  lot  121,  which  had  f-ed  daily  for  six- 
teen days  on  15  cubic  centimeter  amounts  of  5  per  cent  sugar  solution 
that  had  been  used  by  infective  mosquitoes  for  twenty-four  hours  previously, 
were  tested  four  times  and  failed  to  transmit  dengue  to  man. 

Experimeyit  U- — November  18,  1929.  A  sterile  Petri  plate  containing 
fresh  tap  water  and  another  plate  containing  a  thin  slice  of  ripe  banana 
were  placed  in  a  cage  containing  one  hundred  eleven  infective  female  A, 
segypti  selected!  from  lot  101  and  designated  lot  101-B.  Twenty-four  hours 
later  (November  19)  the  water  and  banana  were  replaced  by  fresh  ma- 
terials in  new  containers,  and  the  previously  contaminated  water  and 
food  were  transferred  to  a  cage  containing  one  hundred  normal  female  A. 
asgypti,  which  were  designated  lot  122.  Similar  transfers  of  food  and 
water  were  made  daily  for  sixteen  days,  between  November  19  and  De- 
cember 5,  1929. 

TESTS  FOR  INFECTIVITY  OF  AEDES  ^GYPTI,  LOT  122 

Test  (a).-— November  28,  1929,  8.15  a.  m.  Sixty  of  the  sixty-eight  re- 
maining mosquitoes  of  lot  122  fed  on  a  susceptible  volunteer  (A.V.  59-W) 
but  failed  to  produce  dengue. 
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Test  (6). — December  5,  1929,  11.30  a.  m.  Nineteen  mosquitoes  of  lot 
122  again  fed  on  the  same  volunteer  (A.V.  59-W)  with  similar  negative 
results. 

Test  (c).— December  12,  1929,  9  a.  m.  Twenty-six  mosquitoes  of  lot  122 
fed  on  A.V.  59-W  and  failed  to  cause  dengue. 

Test  id). — January  14,  1930,  1  p.  m.  Six  mosquitoes  of  lot  122  fed 
on  a  susceptible  volunteer   (A.V.  74~L)   and  failed  to  produce  dengue. 

Comment. — Normal  A,  segypti  of  lot  122,  fed  daily  for  sixteen  days  on 
banana  and  water  that  had  been  used  by  infective  mosquitoes  for  twenty- 
four  hours  previously,  were  tested  four  times  and  failed  to  transmit  den- 
gue to  man. 

Experiment  5. — March  10,  1930.  One  hundred  thirty  normal  female  A, 
albopictus,  later  called  lot  182,  were  liberated  in  a  cage  with  one  hundred 
infective  female  A.  segypti  of  lot  168,  which  had  fed  on  the  blood  of  a 
dengue  patient  twenty-one  days  previously  and  had  transmitted  dengue  to 
two  human  volunteers  (A.V.  83-R  and  A.V.  87-R).  All  mosquitoes  of 
both  lots,  No.  18&  {A.  albopictus)  and  No.  168  (A.  ssgypti),  were  inspect- 
ed individually  and  identified  before  they  were  placed  together  in  the 
cage.  A  small  glass  dish  containing  15  cubic  centimeters  of  a  5  per  cent 
sugar  solution  was  then  added,  in  order  that  the  normal  A,  albopictus 
might  feed  on  the  same  solution  as  the  infective  A,  segyptL  The  food 
material  was  renewed  daily  during  eleven  days  of  the  experiment. 

TESTS  TO  DETERMINE  INFBCTIVITY  OF  AEDES  ALBOPICTUS,  LOT  182 

Test  {a). — March  22,  1930,  11  a.  m.  Sixty-eight  of  the  remaining  A. 
albopictus,  lot  182,  collected  from  the  two  mixed  lots,  fed  on  a  susceptible 
volunteer   (A.V.  92-C),  but  failed  to  produce  dengue. 

Test  (6).— March  31,  1930,  10.30  a.  m.  Twenty-three  A.  albopictus  of 
lot  182  again  fed  on  the  same  volunteer  (A.V.  9^C)  and  as  dengue  did 
not  develop  during  an  observation  period  of  ten  days,  the  susceptibility  of 
this  volunteer  was  tested  April  10  at  12.30  p.  m.,  by  feeding  on  him  sev- 
enty-three infective  A.  segypti  of  lot  189.  Twoi  days  five  hours  after  this 
feeding  dengue  began  in  the  afternoon  of  April  12.  As  this  incubation 
period  is  shorter  than  any  previously  observed,  it  seems  possible  that  the 
lot  182  A,  albopictus  might  have  caused  the  disease  after  a  rather  long 
incubation  period  of  twelve  days  seven  hours. 

Comment. — From  this  experiment  no  final  conclusion  can  be  drawn  con- 
cerning the  possibility  of  transmitting  dengue  from  infected  A^  ssgypti 
to  normal  A.  albopictus  through  contaminated  food.  However,  the  findings 
are  sufficiently  suggestive  to  warrant  further  investigation. 

SUMMARY  AND  CONCLUSIONS 

Five  attempts  were  made  to  infect  normal  Aedes  by  feeding 
them  on  food  materials  or  water  that  had  been  used  during 
the  previous  day  by  infective  mosquitoes.  In  one  experiment 
the  mosquitoes  died  before  they  could  be  tested  on  a  susceptible 
human  volunteer;  in  one  experiment  only  four  mosquitoes  re- 
mained for  the  test,  which  was  negative ;  in  two  definitely  nega- 
tive  experiments  the  mosquitoes  failed  to  infect   susceptible 
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volunteers;  and  in  one  experiment  in  which  normal  A.  albopic- 
tus  were  placed  in  the  same  cage  with  infected  A  ssgypti,  the 
results  were  suggestive  but  inconclusive.  Thus,  no  positive 
evidence  was  obtained  in  these  experiments  to  indicate  that 
such  transmission  may  occur.  However,  in  the  light  of  other 
experiments  in  which  normal  Aedes  were  infected  by  the  inges- 
tion of  macerated  infected  mosquitoes  suspended  in  normal 
blood,  it  is  believed  possible  that  under  favorable  conditions  mos- 
quitoes may  become  infected  with  dengue  virus  in  nature 
through  the  agency  of  contaminated  food  or  water. 


TRANSMISSION     OF     DENGUE     VIRUS     BY     FEEDING 

NORMAL  AEDES  .EGYPTI  ON  SUSPENSIONS  OF 

INFECTED  MOSQUITOES 

In  the  following  experiments  dengue  virus  was  transmitted 
directly  from  infective  to  normal  Aedes  segypti  without  an  in- 
termediate passage  through  a  warm-blooded  host,  by  macerating 
and  suspending  the  infective  mosquitoes  in  normal  blood  and 
feeding  this  suspension  to  the  normal  mosquitoes.  This  was 
made  possible  by  the  development  of  a  satisfactory  method (i) 
for  feeding  mosquitoes  artificially  on  blood  and  other  materials, 
which  is  described  below. 

EXPERIMENTAL 

Technic. — The  fresh,  clean  skin  of  a  young,  normal,  exsan- 
guinated guinea  pig  or  chicken,  freed  of  subcutaneous  fat  and 
hair  or  feathers,  was  clamped  tightly  over  the  shallow  depres- 
sion on  the  under  surface  of  the  lid  of  an  ordinary  staining  dish 
(Plate  2,  fig.  1)  by  means  of  a  wire  frame  held  in  place  by 
rubber  bands  or  by  sealing  with  paraffin.  The  air  was  removed 
from  the  cell  with  a  Luer  syringe  and  replaced  by  a  mixture 
of  citrated  or  defibrinated  normal  blood  *  and  macerated  den- 
gue-infected Aedes  segypti.  Sufficient  material  was  injected  to 
cause  a  distinct  bulging  of  the  skin,  after  which  the  needle  hole 
was  sealed  with  melted  paraffin.  The  mixture  was  kept  at  ap- 
proximately 37°  C.  by  placing  the  apparatus  over  a  glass  dish 
half  filled  with  water  heated  to  55°  C.  The  entire  apparatus 
was  then  inserted  into  a  cage  containing  normal  laboratory- 
bred  A.  segypti.  The  mosquitoes  were  at  once  attracted  to  the 
skin,  and  in  a  short  time  most  of  them  became  engorged  with 

*  The  blood  used  was  obtained  from  volunteers  during  the  observation 
period  preliminary  to  dengue  experimentation  and  in  one  instance  from 
a  normal  guinea  pig.  The  human  blood  used  was  proved  to  be  free  from 
the  virus  at  the  time  it  was  taken,  by  subsequent  observation  of  the  vol- 
unteers for  eight  days,  and  by  producing  dengue  fever  in  these  indivi- 
duals, a  few  days  after  the  end  of  the  observation  period,  with  known  in- 
fected mosquitoes. 
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the  blood  mixture  (Plate  2,  fig.  2).     This  technic  was  carried 
out  on  eight  different  occasions  with  successful  results  in  four. 

Experiment  1. — >Au^st  20,  1929.  Eighty  infective  Aedes  segypti  of 
lot  32,  which  had  fed  thirty-four  days  previously  on  an  experimental  case 
of  dengue  (A.V.  21-M)  during  the  first  day  of  the  disease,  and  had  been 
proved  infected  by  transmitting  dengue  fever  to  A.V.  28-P  and  A.V.  2f9-J, 
were  macerated  in  a  mortar  containing  sterile  sand,  1  cubic  centimeter  of 
0.85  per  cent  salt  solution  (NaCl),  and  4  cubic  centimeters  of  normal  hu- 
man blood  and  fed  to  twenty-two  normal  A.  ^xgypti,  which  were  desig- 
nated lot  44. 

August  20,  1929.  Twenty-five  infective  A,  segypti  of  lot  35,  which  had 
fed  sixteen  days  previously  on  an  experimental  case  of  dengue  (A.V.  28-P), 
during  the  first  day  of  the  disease,  and  had  been  proved  infective  by 
transmitting  dengue  fever  to  A.V.  31-D,  were  macerated  with  sand  and 
4  cubic  centimeters  of  citrated  human  blood;  and  fed  to  twenty-two  nor- 
mal A,  segypti,  which  were  designated  lot  45. 

August  22,  1929.  Forty  A,  segypti  of  lot  40,  which  had  fed;  seventeen 
days  previously  on  an  experimental  case  (A.V.  20-B),  at  the  beginning 
of  the  second  day  of  dengue  fever,  but  had  liot  subsequently  been  proved 
infective,  were  macerated  and  suspended  in  3  cubic  centimeters  of  guinea- 
pig  blood,  and  fed  to  seven  normal  A,  segypti,  which  were  designated  lot 
46. 

August  23,  1929.  Thirty  infective  A,  segypti  from  lot  40,  and  thirty 
from  lot  41,  which  had  fed  eighteen  and  seventeen  days  previously  on  ex- 
perimental cases  A.V.  20-B  and  A.V.  23-B,  were  macerated  and  sus- 
pended in  5  cubic  centimeters  of  normal  human  blood  and  fed  to  one  hun- 
dred one  normal  A.  segypti,  which  became  lot  47. 

September  5,  1929.  Thirteen  to  sixteen  days  after  the  mosquitoes  of 
lots  44,  45,  46,  and  47  had  ingested  blood  from  the  dengue  patients,  they 
were  tested  for  infectivity  by  allowing  forty-seven  of  them  to  feed  on  a 
susceptible  volunteer  (A.V.  39-M) ;  who,  after  an  incubation*  period  of 
six  days,  developed  a  typical  unmodified  case  of  dengue  fever,  which  con- 
tinued for  seven  days. 

September  21,  1929.  Twenty-nine  to  thirty-two  days  following  the  in- 
fective feedings  by  lots  44,  45,  46,  and  47,  twenty-eight  fed  on  A»V.  36-V, 
who  five  days  later  developed  a  typical  and  rather  severe  case  of  dengue 
fever.  The  diagnosis  in  this  case  was  further  proved  by  the  passage 
df  the  virus  from  this  volunteer  through  A,  segypti  lot  71  to  A.V.  48--H  and 
A.V.  55-S  and  subsequently  through  several  human  subjects  and  different 
lots  of  mosquitoes. 

Conclusions. — ^Normal  A,  segypti,  which  had  fed  on  blood  containing  a 
suspension  of  macerated  dengue-infected  mosquitoes  in  the  proportions 
of  1.6,  0.625,  1.33,  and  1.20  mosquitoes  to  0.1  cubic  centimeter  of  fluid,  be- 
came infected  as  was  proved  by  the  transmission  of  the  disease  to  two 
susceptible  American  volunteers. 

Experiment  2. — ^September  23,  1929.  Five  A,  segypti,  of  lot  48,  which 
had  fed  twenty-seven  days  previously  on  A.V.  29^  during  the  first  day 
of  dengue  fever,  but  which  had  not  been  tested,  were  macerated  and  sus- 
pended in  8.5  cubic  centimeters  of  normal  human  blood,  and  fed  to  one 
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Fig.  12.    Experimental  dengue  in  American  volunteer  39. 


hundred  forty-eight  normal  A,  aegypti,  which  were  designated  lot  67  and 
tested  for  infectivity  as  follows:  October  7,  1929,  fourteen  days  following 
feeding  on  this  mosquito  suspension,  six  A,  segypti  of  lot  67  fed  on  a  volun- 
teer (A.V.  49-L),  but  no  infection  followed.  Eight  days  later  (October 
15),  or  twenty-two  days  after  the  original  feeding,  forty-seven  mosquitoes 
of  lot  67  again  fed  on  the  same  volunteer.  Dengue  did  not  follow  during 
a  prolonged  observation  period,  and  the  volunteer  was  subsequently  proved 
susceptible  by  the  feeding  of  twenty-one  infective  A,  wgypti  of  lot  104, 
November  16,  1929,  which  produced  dengue  November  21,  1929. 

Conclusions. — The  feeding  of  normal  A,  aegypti  on  a  dilute  suspension  of 
presumably  dengue-infected  A,  segypti  (0.058  mosquito  per  0.1  cubic  centi- 
meter of  blood)  did  not  result  in  their  infection  as  was  indicated  by 
the  fact  that  small  and  large  groups  fed  on  a  susceptible  volunteer  failed 
to  transmit  dengue. 
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Experiment  3. — September  23,  1929.  Fifty  A.  ssgypti  of  lot  48,  which 
had  fed  twenty-seven  days  previously  on  an  experimental  dengue  case 
(A.V.  29-J)  during  the  first  day  of  fever,  but  had  not  been  tested,  were 
ground  in  a  mortar  containing  a  little  sand  and  a  few  drops;  of  hormone 
broth.  After  adding  sufficient  hormone  broth  to  make  a  total  volume  of 
10  cubic  centimeters,  an  attempt  was  made  to  feed  this  material  to  nor- 
mal A.  asgyptL  As  the  mosquitoes  failed  to  feed,  5  cubic  centimeters  of 
the  suspension  was  removed  and  replaced  by  5  cubic  centimeters  of  nor- 
mal blood.  Fifty-eight  normal  A,  segypti  fed  on  this  mixture  and  were 
designated  lot  68.  October  23,  or  thirty  days  later,  seventeen  mosquitoes 
of  lot  68  were  tested  for  infectivity  by  feeding  on  a  volunteer  (A.V.  49-L). 
Dengue  did  not  follow  during  an  observation  period  extending  to  Novem- 
ber 16.  The  volunteer  was  subsequently  proved  susceptible  by  the  infec- 
tive feeding  of  A,  segypti,  lot  104,  November  16,  1929,  which  resulted  in 
dengue  November  21,  1929. 

Conclusions. — Normal  A.  segypti  fed  on  a  mixture  of  equal  parts  hor- 
mone broth  and  normal  blood,  which  contained  a  suspension  of  presumably 
dengue-infected  A.  segypti  in  the  proportion  of  0.25  mosquito  to  0.1  cubic 
centimeter  of  fluid,  failed  to  transmit  dengue  to  man. 

Experiment  ^. — October  30,  1929.  Eighty-one  A.  segypti;  namely,  six 
of  lot  52,  eight  of  lot  54,  seven  of  lot  59,  one  of  lot  60,  two  of  lot  61, 
five  of  lot  71,  ten  of  lot  72,  thirty-two  of  lot  76  and  ten  of  lot  79,  which 
had  fed  on  the  blood  of  experimental  dengue  patients  from  twenty-one 
to  sixty  days  previously,  were  ground  in  a  mortar  containing  1  cubic  cen- 
timeter of  0.85  per  cent  salt  solution  and  1  cubic  centimeter  of  normal 
human  blood.  Thirty-three  normal  A.  segypti  that  fed  on  this  mixture 
were  designated  lot  96. 

November  11,  1929.  Twelve  days  later  the  mosquitoes  of  lot  96  were 
tested  for  infectivity  by  feeding  thirty  of  them  on  a  volunteer  (A.V.  57- 
E).     This  man   developed  dengue   fever,  which  began  five  days  later. 

Conclusions, — Normal  A.  segypti  fed  on  blood  containing  dengue-infected 
mosquitoes  (4.05  per  0.1  cubic  centimeter  of  fluid)  were  infected  as  was 
proved  by  their  transmission  of  dengue  to  a  volunteer  (A.V.  57— E)  and 
the  subsequent  transfer  of  the  infection  from  this  man  through  lot  114 
A.  segypti  to  another  volunteer   (A.V.  66-W). 

Experiment  5. — March  5,  1930.  One  hundred  A.  segypti  of  lot  165, 
which  twenty-five  days  previously  had  fed  on  an  experimental  case  (A.V. 
76-M),  during  the  first  day  of  dengue  fever,  and  had  subsequently  trans- 
mitted dengue  to  A.V.  86-B,  were  ground  in  a  mortar  containing  pow- 
dered pyrex  glass,  1  cubic  centimeter  of  0.85  per  cent  salt  solution 
(NaCl),  and  2  cubic  centimeters  of  normal  defibrinated  human  blood  and 
fed  to  fifty-two  normal  A.  segypti,  which  were  designated  lot  177  and 
tested  for  infectivity  as  follows: 

March  22,  1930.  Seventeen  days  after  feeding  on  the  mosquito  sus- 
pension sixteen  mosquitoes  of  lot  177  were  fed  on  a  susceptible  volunteer 
(A.V.  93-R).  Dengue  did  not  follow  and  the  volunteer's  susceptibility 
was  proved  subsequently  by  means  of  lot  183  A.  albopictus. 

Conclusions. — Normal  A.  segypti  fed  on  a  suspension  of  infective  mosqui- 
toes (3.33  mosquitoes  per  0.1  cubic  centimeter  of  blood)  failed  to  trans- 
mit dengue  to  man. 
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Fig.  14.    Experimental  dengue  in  American  volunteer  57. 


Experiment  6. — March  5  and  7,  1930.  On  these  dates  two  groups, 
each  composed  of  one  hundred  A.  segypti  of  lot  168,  which  had  fed  sixteen 
and  eighteen  days  previously  en  an  experimental  dengue  case  (A.V.  78- 
O)  during  the  first  day  of  fever,  and  had  transmitted  dengue  to  two 
volunteers  (A.V.  83-R  and  A.V.  87-R),  were  ground  in  a  mortar  contain- 
ing powdered  pyrex  glass,  1  cubic  centimeter  of  0.85  per  cent  salt  so- 
lution, and  2  cubic  centimeters  of  normal  human  blood.  This  material  was 
then  fed  to  sixty-fivei  and  sixty-three  A,  segypti,  respectively,  which  were, 
designated  lots  178  and  181,  and  later  tested  for  infectivity  as  follows: 

March  14,  1930.  Nine  and  seven  days,  respectively,  following  the  feed- 
ing of  lots  178  and  181  on  the  mosquito  suspension,  forty-four  and  thirty- 
two  of  them  fed  on  A.V.  88-B,  but  failed  to  cause  dengue.  However, 
when  twenty-eight  and  nineteen  of  these  mosquitoes  were  fed  again,  March 


TRANSMISSION 


73 


s    s    s    s;    s 

LEUKOCYTES 

iliililiii" 

GRANULOCYTESRATK>YOUNG  TO  MATURE            1 

i            5            »            M 

^   UJ 

lis 
pi 

ill 

o> 

00 

K 

« 

« 

# 

^ 

\ 

X 

t 

f*' 

^^   ..,e'- 

0^^ 

« 

•• 

ka 

•n 

^  ••! 

<<('._ 

-i«* 

** 

••• 

«k 

V 

:n. 

s 

"^^  - 

^    ''!, 

^, 

> 

>> 

V 

''.    *i 

?5 

«« 

^* 

••' 

.> 

/ 

/'? 

/•■■]... 

S 

{ 

c 

<: 

.- 

»-•'' 

\ 

'1 

«    / 

S 

\ 

^ 

^Z''-'-, 

!5 

V 

<; 

< 

r 

{ 

r%  _:_ 

"V 

h. 

'> 

/ 

/ 

•^ 

\ 

S 

f 

#** 

/ 

< 

'^ 

^ 

t - 

^ 

5 

/ 

^ 

s 

^t 

J 

« 

< 

J 

/ 

( 

V^ 

** 

% 

1 

< 

I: 

-X 

-  iH 

;; 

J 

"s/ 

it t 

^ 

2  ^ 

-►Tr 

.> 

^ 

J5 

'H 

< 

I 

y 

\j  - 

S^    '" 

1- 

S 

•7 

o 

••. 

( 

rf 

H 

51 

:>■ 

2 

i 

h 

x^ 

/ 

\< 

\, 

^ 

r 

il'" 

52 

1 

_^ 

i 

^''' 

\ 

'n. 

^ 

7 

C: 

t^ 

r 

3 

en 

«o 

...11--- 

• 

1^1 

S 

i 

f 

^ 

Y. 

s 

5         i? 

1 

E 

f 

i 

o 

^ 

;S 

«n 

g 

^ 

. 

i-> 

?^ 

Jf, 

RELIMINARY 
ERVATION  PERIOD 

2 

»i 

= 

2 

<^ 

8« 

1" 

L 

ii 

3Mn 

S     S     5     S^^ 

iVy3dW31 

=  if 

i 

1 

S3 

IX 

305J 

n3n 

I           s           .            =j 

s 

I 

1 


22,  on  the  same  volunteer  a  mild  but  typical  case  of  dengue  developed, 
after  an  incubation  period  of  five  days. 

Comments. —  (1)  As  dengue  was  not  transmitted  by  lots  178  and  181 
nine  and  seven  days  after  they  had  ingested  the  suspension  but  was 
carried  by  these  mosquitoes  after  the  intervals  had  become  seventeen  and 
fifteen  days,  it  appears  that  the  former  interval  of  time  was  too  brief  fof 
the  development  of  the  virus  within  the  mosquitoes. 

(2)  Normal  A.  segypti  were  infected  by  feeding  on  a  suspension  of  ma- 
cerated dengue-infected  A,  segypti  containing  3.33  mosquitoes  per  0.1  cubic 
centimeter  of  fluid. 

Experiment  7. — September  16  and  17,  1929.  On  these  dates  attempts 
were  made  to  effect  a  second  serial  transfer  of  the  virus  of  dengue  from 
mosquito  to  mosquito.     September  16,  eighteen  A.  segypti  of  lots  44,  45,  46, 
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and  47,  which  had  previously  been  infected  by  feeding  on  suspensions  of 
mosquitoes  (see  experiment  1,  Table  6),  were  macerated  in  a  mortar  con- 
taining sand  and  4  cubic  centimeters  of  defibrinated  normal  human  blood, 
and  fed  to  thirteen  normal  A,  segypti,  September  17,  twenty- four  addi- 
tional mosquitoes  of  the  same  lots  (44,  45,  46,  and  47)  were  macerated  and 
suspended  in  5  cubic  centimeters  of  normal  human  blood  and  fed  to 
eleven  normal  A,  segypti.  The  mosquitoes  were  combined,  designated  lot 
63,  and  tested  for  infectivity  as  follows: 

October  2,  1929.  Fifteen  and  sixteen  days,  respectively,  after  the  feed- 
ing on  the  infective  suspension,  seven  A,  segypti  of  lot  63,  fed  on  a  sus- 
ceptible volunteer  (A.V.  44-F) ;  but  dengue  did  not  result.  The  suscep- 
tibility of  this  man  was  proved  subsequently  with  lot  52  Aedes  segyptL 

Conclusioru — The  attempt  to  transfer  dengue  virus  in  series  by  feeding 
normal  A,  segypti  on  a  normal  blood  suspension  of  mosquitoes  (0.45  and 
0.48  mosquito  per  0.1  cubic  centimeter),  which  themselves  had  been  in- 
fected by  feeding  on  a  suspension  of  infective  A.  segyptiy  was  unsuccessftil. 

Experiment  8. — September  23,  1929.  A  second  attempt  was  made  on 
this  date  to  transfer  dengue  virus  in  series  from  mosquito  to  mosquito. 
Thirty  A.  segypti  of  the  combined  lots  44,  45,  46,  and  47  (see  experiment 
I)  were  macerated  and  suspended  in  1  cubic  centimeter  of  normal  human 
blood,  and  5  cubic  centimeters  of  0.85  per  cent  salt  solution.  One  hundred 
thirty-five  normal  A,  segypti,  which  fed  on  this  suspension,  were  desig- 
nated lot  69.  September  28,  or  five  days  after  this  feeding,  ninety-five 
mosquitoes  of  lot  69  were  fed  on  a  volunteer  (A.V.  47-D) ;  as  dengue 
did  not  develop  during  the  following  eight  days,  fifty  mosquitoes  of  the 
same  lot  were  again  fed  on  A.V.  47-D  October  7.  After  an  incubation 
period  of  five  days  a  mild  attack  of  dengue  developed.  The  diagnosis  was 
further  confirmed  by  transfer  of  the  virus  from  A.V.  47-D  through  A. 
segypti  lot  86  to  two  other  volunteers,  A.V.  51-S  and  A.V.  50-C,  both  of 
whom  developed  typical  dengue. 

November  4,  1929.  Forty-two  days  after  the  infective  feeding,  ten 
mosquitoes  of  lot  69  were  again  tested  on  a  volunteer  (A.V.  56— K).  As 
dengue  did  not  develop  during  the  following  twelve  days,  the  volunteer  was 
tested  for  susceptibility  November  16,  1929,  by  feeding  A.  segypti  of  lot 
104.  A  typical,  moderately  severe  attack  of  dengue  developed  November 
23,  1929. 

Comments. —  (1)  Apparently  infections  occurred  only  in  certain  indivi- 
dual mosquitoes  of  the  groups  that  fed  on  the  suspension  representing 
a  dilution  of  0.5  mosquito  per  0.1  cubic  centimeter  of  saline  and  blood, 
and  these  infected  mosquitoes  had  died  before  the  second  test.  The  mos- 
quitoes used  in  preparing  this  suspension  had  themselves  been  infected  by 
feeding  on  a  suspension  of  dengue  mosquitoes;  therefore,  this  experiment 
represented  a  second  serial  transfer  of  dengue  virus  from  infected  to 
normal  mosquitoes. 

(2)  This  experiment  also  demonstrates  that  the  mosquitoes  are  not 
infective  five  days  after  feeding  on  other  mosquitoes  but  are  able  to  trans- 
mit the  infection  after  an  interval  of  fourteen  days. 
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DISCUSSION 

The  results  obtained  in  the  experimental  attempts  to  pass 
the  virus  of  dengue  directly  from  mosquito  to  mosquito  seem 
to  indicate  that  the  degree  of  concentration  of  the  virus  in 
the  mosquito-blood  mixture  used  to  infect  normal  A'edes  is  an 


76  EXPERIMENTAL   STUDIES   OF  DENGUE 

important  factor.  In  the  mixtures  used  in  the  successful  exper- 
iments, the  concentrations  were  about  0.5,  1.21,  3.33,  and  4.05 
mosquitoes,  respectively,  per  0.1  cubic  centimeter  of  fluid,  while 
in  the  unsuccessful  tests  the  mixtures  contained  about  0.058, 
0.25,  0.45,  and  3.33  mosquitoes  to  0.1  cubic  centimeter  of  fluid. 
As  it  has  been  shown  that  a  single  A.  segypti,  during  a  normal 
feeding,  ingests  about  0.00253  gram,  or  about  0.002  cubic  cen- 
timeter, of  blood,  it  may  be  presumed  that  during  the  success- 
ful experiments  the  normal  mosquitoes  each  ingested  about 
0.012,  0.031,  0.083,  and  0.102,  respectively,  of  one  infected  mos- 
quito, while  in  the  unsuccessful  experiments  each  normal  mos- 
quito ingested  0.0015,  0.006,  0.011,  and  0.083  A.  segypti.  The 
most-dilute  infective  suspension  used  successfully  was  that  em- 
ployed in  experiment  8,  in  which  each  normal  mosquito  ingested 
material  representing  about  0.01  of  an  infected  mosquito;  and 
at  least  7  per  cent  of  the  lot  fed  on  this  material  were  unable 
to  transmit  dengue. 

The  possibility  of  decreasing  the  virulence  of  dengue  virus  by 
serial  mosquito  passages  is  of  interest.  As  was  noted  in  ex- 
periments 1,  4,  and  6,  all  of  which  dealt  with  primary  trans- 
fers of  virus  from  mosquito  to  mosquito,  one  of  the  volunteers 
developed  a  severe  case  of  dengue,  two  had  average  cases,  and 
one  person  had  a  mild  infection.  The  one  case  of  dengue  caused 
by  mosquitoes  infected  by  a  second  serial  transfer  of  virus 
was  milder  than  usual.  Thus,  while  the  virulence  of  dengue 
virus  is  apparently  not  modified  by  the  first  passage  from  in- 
fected to  normal  A.  degypti,  there  is  a  possibility  that  serial 
passages  through  mosquitoes  might  result  in  decreased  viru- 
lence of  the  virus. 

It  should  be  noted  that  in  experiments  6  and  8  the  mos- 
quitoes which  fed  on  volunteers  five  ,and  seven  days  after  the 
ingestion  of  virus  failed  to  transmit  dengue,  while  the  same 
lots  did  infect  volunteers  when  tested  on  a  later  date.  Thus,  it 
would  appear  that  the  virus  from  infected  mosquitoes,  as  that 
obtained  from  warm-blooded  animals,  must  pass  through  a  pe- 
riod of  development  or  multiplication  in  Aedes  before  the  mos- 
quito can  infect  man  through  feeding. 

SUMMARY  AND  CONCLUSIONS 

1.  The  virus  of  dengue  has  been  transferred  from  infective 
to  normal  mosquitoes  by  feeding  normal  Aedes  segypti  on  in- 
fected mosquitoes  macerated  and  suspended  in  normal  blood. 
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2.  Successful  passage  of  dengue  virus  in  this  manner  was 
obtained  with  a  mixture  containing  not  less  than  five  infective 
mosquitoes  per  cubic  centimeter  of  blood. 

3.  The  virus  apparently  retained  its  virulence  for  man  after 
the  initial  passages  from  mosquito  to  mosquito.  There  is  a  pos- 
sibility that  the  virulence  of  dengue  virus  might  be  decreased 
after  serial  passages  through  mosquitoes. 

4.  A  period  of  more  than  seven  days  was  required  before 
normal  mosquitoes  that  had  ingested  dengue  virus  from  mos- 
quito suspensions  could  transmit  dengue  to  man. 
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ATTEMPTS  TO  DEMONSTRATE  THE  VIRUS  OF  DENGUE 
BY  MICROSCOPIC  EXAMINATION 

For  many  years  workers  have  searched  for  the  organism 
responsible  for  dengue  fever.  McLaughlin  (i)  in  1886  pub- 
lished an  account  of  his  investigations  concerning  the  etiology 
of  dengue  and  reported  having  found  a  spherical  micrococcus 
which  was  one-twentieth  to  one-thirtieth  the  diameter  of  an  ery- 
throcyte, both  in  the  fresh  and  incubated  blood  of  dengue  cases 
and  in  nutrient  gelatin  cultures  made  with  the  blood.  Gra- 
ham (2)  in  1903,  working  in  Syria,  described  an  organism  seen 
within  red  blood  cells  which,  except  for  the  presence  of  pig- 
ment, resembled  Plasmodium  malarix.  He  reported  having 
found  these  bodies  in  the  stomachs  of  Culex  fatigans  up  to  the 
fifth  day  following  their  feeding  on  dengue  patients,  and  also 
the  finding  of  spores  of  the  organism  in  the  salivary  glands 
of  the  mosquito.  Later  workers,  including  Carpenter  and  Sut- 
ton (Isthmus  of  Panama,  1903), (3)  Guiteras  and  Cartaya  (Cuba, 
1905), (4)  Report  of  the  Bureau  of  Government  Laboratories 
(Manila,  P.  L,  1900), (5)  Agramonte  (Havana,  Cuba,  1906), (6) 
Kiewiet  de  Jonge  and  de  Haan  (Java,  1905), (7)  Stitt  (Philip- 
pine Islands,  1906), (8)  and  Ashburn  and  Craig  (Philippine 
Islands,  1907), (9)  were  unable  to  confirm  the  findings  of  Mc- 
Laughlin and  Graham.  Furthermore,  they  were  unable  to  con- 
sistently demonstrate  in  the  blood  any  organism  that  they  could 
logically  consider  of  etiological  significance. 

Later  investigators  were  concerned  with  attempts  to  demon- 
strate in  dengue-infected  materials  a  spirochaete  or  Leptospira 
similar  to  the  Leptospira  found  by  Noguchi(iO)  in  cases  diag- 
nosed as  yellow  fever.  Couvy,(il)  (1921)  after  direct  examina- 
tion of  the  blood  of  dengue  patients,  reported  having  found  a 
short  slender  spirochaete;  while  Siler,  Hall,  and  Hitchens(i2) 
observed  a  spirochsete-like  form  in  the  blood  of  several  dengue 
patients,  which  they  considered  had  nothing  to  do  with  the  etiol- 
ogy of  dengue  as  was  indicated  by  their  careful  control  work 
with  blood  of  normal  individuals.  Carbo-Noboa  in  1924(13) 
reported  finding  spirochs&tes  in  the  serum,  citrated  blood,  and 
cerebrospinal  fluid  of  dengue  patients,  examined  naicroscopically 
78 
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with  dark-field  illumination  and  after  the  use  of  Levaditi's 
stain.  Knowles  and  Des  Gupta (14)  came  to  the  conclusion  that 
spiral  structures  found  in  the  blood  of  dengue  patients  in  Cal- 
cutta, which  were  at  first  thought  to  be  Leptospira,  were  in 
reality  artefacts.  De  Faria(i5)  found  a  Leptospira  in  dengue 
patients  in  Brazil;  and  Vervoort(i6)  observed  ''Leptospira  py- 
rogones'*  in  a  denguelike  fever  in  India.  However,  Chandler 
and  Rice  (17)  from  experiments  on  man  and  animals  obtained 
no  evidence  to  indicate  that  the  causative  agent  of  dengue  was 
a  Leptospira,  an  observation  which  agrees  with  the  results  of 
Knowles  and  Des  Gupta,  (14)  Holt,  (18)  Siler,  Hall,  and  Hitch- 
ens,  (12)  Duval  and  Harris,  (19)  and  the  authors  of  this  report. 
When  it  was  shown  that  yellow  fever  is  probably  not  due  to  a 
Leptospira,  further  search  for  such  an  organism  in  dengue 
was  discouraged;  and  the  attention  of  investigators  has  been 
directed  into  other  channels. 

Duval  and  Harris, (19)  using  Noguchi's(iO)  medium,  found 
"globoid"  bodies,  measuring  from  0.1  to  0.3  micron,  in  cul- 
tures made  with  dengue  blood.  Sellards  and  Siler,  (20)  in  a  study 
of  histological  sections  from  normal  and  dengue-infected  Aedes 
segypti,  found  masses  of  Rickettsia  in  the  hind  gut  of  infected 
mosquitoes,  but  none  in  a  control  group  of  normal  mosquitoes. 
The  Rickettsia  were  not  seen  in  the  salivary  glands  or  in  any 
tissue  outside  of  the  alimentary  tract.  Moutoussis(2l)  also 
found  Rickettsia  and  inclusion  bodies  in  Stegomyia  infected  with 
dengue  virus.  However,  Schule(22)  writes  that  during  exami- 
nations of  A.  ^gypti  fed  on  dengue  blood  and  of  others  fed  on 
normal  blood,  he  regularly  found  in  both  groups  of  mosquitoes 
organisms  identical  with  those  described  by  Sellards  and  Siler. 

It  is  apparent  that  much  time  has  been  spent  in  attempts  to 
demonstrate  visually  an  organism  responsible  for  dengue  fever ; 
and  that  at  various  times  bacteria,  Protozoa,  Leptospira,  and 
Rickettsia  have  been  suggested  as  of  possible  etiological  sig- 
nificance. However,  none  of  these  organisms  has  been  de- 
finitely incriminated.  On  the  other  hand,  considerable  evidence 
has  accumulated  to  indicate  that  the  virus,  in  the  blood  of  pa- 
tients and  in  infected  mosquitoes,  is  probably  too  small  to  be 
seen  by  any  means  now  available. 

EXPERIMENTAL 

Microscopic  examination  of  blood  from  dengue  patients, — 
Blood  specimens  obtained  daily  from  two  cases  of  experimen- 
tally induced  dengue   (A.V.  1-H  and  A.V.  2-M),  during  the 
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incubation  period  and  throughout  the  disease,  and  specimens 
from  two  others  (A.V,  3-A  and  A.V.  4~Y),  collected  on  each 
day  of  the  disease,  were  prepared  in  the  following  manner  and 
examined  microscopically:  (a)  Dark-field  preparations;  (6) 
films  stained  by  Wright's,  Giemsa's,  and  Mann's  methods  and 
with  flagella  stains.  The  results  were  negative.  A  number  of 
blood  preparations  were  treated  with  95  per  cent  alcohol,  tan- 
nic acid,  saturated  solution  of  ammonium  sulphate,  formalin 
and  copper  sulphate  in  various  dilutions,  and  then  stained  with 
Giemsa's  stain,  Wright's  stain,  gentian  violet  and  other  dyes, 
but  none  of  the  preparations  contained  anything  recognizable 
as  the  virus  of  dengue. 

Attempts  to  render  the  virus  visible  by  precipitation  and 
concentration. — Microscopic  examinations  were  also  made  of  in- 
fective blood  and  serum  which  had  been  mixed  with  convales- 
cent serum  and  centrifugalized  in  the  hope  that  agglutination 
or  precipitation  of  the  virus  might  result  in  masses  large  enough 
to  be  seen.    The  results  of  these  experiments  were  also  negative. 

Microscopic  examination  of  inoculated  culture  media, — Both 
aerobic  and  anaerobic  cultures  were  attempted  by  inoculating 
blood  containing  dengue  virus  from  experimental  dengue  pa- 
tients into  Noguchi's  medium,  N.  N.  N.  medium,  Locke-egg- 
serum  medium  for  amoeba,  Hibler's  brain  medium,  Francis's 
cystine  agar,  beef  infusion  broth  enriched  vrith  equal  parts  of 
hydrocele  fluid  or  ascitic  fluid,  banana  broth,  hormone  broth 
(heart),  brain,  spleen,  and  bone-marrow  broth.  No  evidence 
of  dengue  virus  was  obtained  by  microscopic  examination  of 
the  incubated  materials  in  these  tubes. 

Microscopic  examination  of  infective  mosquitoes. — Repeated 
attempts  to  identify  the  virus  of  dengue  in  saline  suspensions 
of  A.  segyptiy  were  unsuccessful.  Smear  preparations  of  the 
salivary  glands  of  individual  dengue-infected  mosquitoes,  ex- 
amined microscopically  with  dark-field  illumination,  and  after 
staining  by  Giemsa's  and  Wright's  methods,  failed  to  show  any 
form  that  could  not  be  demonstrated  in  control  normal  mosqui- 
toes. The  salivary  glands  of  dengue-infected  Aedes  were  re- 
moved in  groups  of  ten  infected  A.  segypti  each,  macerated  in 
a  small  amount  of  salt  solution,  and  immediately  examined  mi- 
croscopically, using  the  *'dark-field"  and  various  staining  meth- 
ods, including  Giemsa's  and  Wright's.  No  forms  were  seen  in 
these  preparations  that  could  not  also  be  found  in  materials 
from  normal  mosquitoes. 
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Microscopic  examinations  of  serum  contaminated  by  infective 
mosquitoes. — As  the  virus  of  dengue  escapes  from  the  probos- 
cis of  infected  mosquitoes  during  feeding,  an  attempt  was  made 
to  collect  a  concentrated  suspension  of  virus  by  feeding  100 
infective  A.  segypti,  lot  72,  on  a  small  amount  of  guinea-t)ig 
serum  (1  cubic  centimeter)  that  had  been  diluted  v^ith  an  equal 
amount  of  0.9  per  cent  salt  solution  and  placed  in  a  shallow 
cell  beneath  a  clean  piece  of  skin  which  had  just  been  removed 
from  a  young  chicken.  As  a  control  on  this  procedure,  ap- 
proximately one  hundred  fifty  normal  A.  segypti  were  allowed  to 
feed  on  another  mixture  of  serum  and  salt  solution  similarly 
arranged.  After  the  mosquitoes  had  fed,  the  serum  was  re- 
moved from  beneath  the  skin  and  centrifugalized  at  2,000  re- 
volutions per  minute  for  thirty  minutes.  Direct  microscopic 
examination  was  made  of  the  wet  sediment,  using  both  the  or- 
dinary and  dark-field  illumination.  Dry  films  were  stained  with 
ha^matoxylin  and  eosin,  and  by  Wright's,  Giemsa's,  Gram's  and 
Hiss's  (capsule)  methods.  Minute  coccoid  and  rod-shaped 
forms  were  observed  in  all  of  the  preparations,  from  both  the 
control  and  the  test  serum,  but  these  forms  appeared  to  be  much 
more  numerous  in  the  latter. 

CONCLUSIONS 

1.  The  virus  of  dengue  was  not  identified  by  microscopic  ex- 
aminations of  the  following  materials:  (a)  Blood  from  cases 
of  experimentally  induced  dengue,  (6)  materials  from  culture 
media  inoculated  with  the  virus,  (c)  crushed  A.  segypti  infected 
with  virus,  {d)  the  salivary  glands  of  infective  A.  segypti,  or 
{e)  clear  guinea-pig  serum  on  which  one  hundred  infective 
A.  segypti  had  fed. 
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CULTIVATION  EXPERIMENTS  WITH  THE  VIRUS  OF 

DENGUE 

Many  attempts  have  been  made  to  cultivate  the  causative 
agent  of  dengue;  but,  so  far,  no  one  has  furnished  convincing 
proof  that  this  virus  is  able  to  multiply  outside  of  the  living 
tissues  of  its  hosts.  McLaughlin  (i)  in  1886,  using  the  limited 
methods  of  that  period,  studied  cultures  inoculated  v^ith  the 
blood  of  dengue  patients;  but  his  preparations  were  contamin- 
ated with  skin  cocci  and  the  results  are  of  historical  interest 
only.  In  1907  Ashburn  and  Craig (2)  approached  the  problem, 
"with  high  hopes  that  by  applying  modern  cultivation  methods 
we  might  be  able  to  isolate  and  cultivate  the  organism  causing 
the  disease.  In  view  of  the  success  attained  by  Novy  and  others 
in  the  cultivation  of  trypanosomes,  and  by  Rodgers  in  cultivating 
the  Leishman-Donovan  body  {Herpetomonas  donovani),  we  were 
especially  hopeful  that  by  applying  similar  methods  in  this  dis- 
ease, we  might  be  able  to  secure  growths  of  any  protozoon 
which  might  be  present.''  These  investigators  made  cultures 
of  dengue  blood  collected  in  citrate  solutions  at  various  periods 
of  the  disease  and  incubated  them  at  different  temperatures ; 
cultures  were  also  made  by  adding  10  cubic  centimeters  of 
blood  to  250  cubic  centimeters  of  bouillon  in  flasks.  As  a  result 
of  their  experiments  it  was  concluded  that  no  organism  was 
found  constantly  enough  in  the  cultures  to  warrant  regarding 
it  as  the  cause  of  dengue.  In  1914  Lavinder  and  Francis  (3) 
also  failed  to  demonstrate  any  growth  of  virus  in  cultures 
prepared  by  inoculating  dengue  blood  into  glucose  broth,  and 
incubating  the  tubes  at  37°  C.  and  at  room  temperature  for 
several  days.  Chandler  and  Rice (4)  in  1923,  using  methods 
which  had  proved  successful  with  Leptospira,  were  unable  to 
observe  any  growth  of  dengue  virus.  In  1924  Duval  and  Har- 
ris, (5)  using  Noguchi's  medium,  reported  having  grown  minute 
filterable  anaer6bic  globoid  bodies,  which  after  inoculation  into 
guinea  pigs  gave  rise  to  reactions  similar  to  those  that  they 
had  observed  following  injections  of  blood  from  dengue  cases. 
While  these  workers  considered  that  the  globoid  bodies  might 
have  had  an  etiological  relationship  to  dengue  they  recognized 
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that  further  proof  was  required  before  this  could  be  estabUshed. 
Siler,  Hall,  and  Kitchens  (6)  in  1926  attempted  to  grow  the  or- 
ganism of  dengue  in  various  media,  including  (a)  the  rabbit- 
kidney-ascitic  fluid  of  Smith  and  Noguchi,  (6)  the  semisolid 
Leptospira  medium  of  Noguchi,  and  (c)  the  peptone-acid-phos- 
phoricum  of  Vervoort.  These  media,  inoculated  with  blood  spec- 
imens from  forty-five  dengue  patients  and  incubated  at  37^ 
C.  or  at  room  temperature  for  intervals  as  long  as  one  month, 
failed  to  show  any  recognizable  gross  or  microscopic  evidence 
of  growth  of  the  virus  of  dengue.  Schule(7)  during  1927  also 
made  cultures  with  infective  dengue  blood  inoculated  into  va- 
rious types  of  media.  He  isolated  a  minute,  filter-passing, 
"Gram-doubtful"  coccobacillus  in  the  cultures  from  one  case. 
However,  injection  of  this  organism  into  susceptible  human  vol- 
unteers failed  to  cause  dengue  or  to  produce  any  immunity 
to  the  disease;  and  he,  therefore,  considered  his  cultivation  ex- 
periments to  be  negative.  Copanaris(8)  and  Manoussakis,(9) 
during  the  recent  (1927-1928)  epidemic  in  Athens,  also  failed  to 
cultivate  the  virus  of  dengue. 

In  spite  of  the  formidable  array  of  negative  experiments  re- 
ported by  previous  workers,  cultivation  of  dengue  virus  was 
again  attempted  by  the  authors,  using  different  types  of  media 
and  new  methods  for  determining  the  presence  or  absence  of 
virus  in  cultures. 

PRESENT  INVESTIGATION 

The  cultivation  experiments  may  be  divided  into  two  main 
groups.  In  the  first  group  various  culture  media,  including  No- 
guchi's  serum  medium,  Boeck  and  Drbohlav's  amoeba  medium, 
Hibler's  brain  medium,  brain  agar,  N.  N.  N.  medium,  Fran- 
cis's cystine  agar,  dextrose-infusion  broth,  and  mosquito  broth, 
were  inoculated  with  potentially  infected  materials  from  dengue 
patients,  incubated  aerobically  and  anaerobically  at  37°  C.  and 
at  room  temperature,  and  observed  both  macroscopically  and 
microscopically  for  evidence  of  growth.  In  the  second  group  of 
experiments,  it  had  been  planned  to  test  the  cultures  for  the 
presence  of  virus,  even  though  there  was  no  visual  evidence 
of  growth,  by  passing  the  incubated  material  through  diato- 
maceous  filters  followed  by  injection  of  the  filtrates  into  sus- 
ceptible volunteers.  This  procedure  was  not  carried  out  because 
of  variable  results  obtained  in  filtration  experiments  with  known 
infected  materials.  However,  the  development  of  a  satisfactory 
method (10)   for  feeding  Aedes  segypti  artificially   on  infected 
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materials,  placed  in  a  shallow  cell  beneath  a  piece  of  guinea-pig 
or  chicken  skin,  made  it  possible  to  test  the  cultures  for  virus 
in  this  manner. 

1.   CULTURE  MEDIA  INOCULATED  WITH  INFECTIVE  MATERIALS  AND 

LATER  EXAMINED  MACROSCOPICALLY  AND  MICROSCOPICALLY 

FOR  EVIDENCE  OF  THE  GROWTH  OF  DENGUE  VIRUS 

Experiment  1, — January  2  to  12,  1929.  Fresh  specimens  of  urine  and 
blood  were  collected  early  in  the  incubation  period,  and  on  the  first,  second, 
and  fourth  days  of  dengue  fever,  from  an  experimental  case  (A.V.  1-H). 
Normal  Aedes  segypti  fed  on  this  man  on  the  second  day  of  the  fever  and 
called  lot  3  were  later  proved  to  be  infected  with  the  virus.  After  inocu- 
lating 0.1  cubic  centimeter  amounts  of  the  material  into  the  various  media 
mentioned  above,  sets  of  both  aerobic  and  partially  anaerobic  cultures 
(under  paraffin  oil)  were  incubated  at  37°  C.  and  at  room  temperature  for 
several  weeks.  All  of  the  tubes  were  observed  daily,  and  microscopic 
examinations  of  dark-field  preparations  and  of  films  stained  by  Wright's 
and  Gram's  methods  were  made  at  frequent  intervals.  A  few  miscel- 
laneous bacterial  contaminants  grew  in  some  of  the  tubes  inoculated  with 
urine,  but  none  showed  any  evidence  of  dengue  virus. 

Experiw.ent  2. — January  2  to  12,  1929.  Fresh  specimens  of  urine  and 
blood  collected  early  in  the  incubation  period  and  on  the  second,  third, 
fourth,  and  fifth  days  of  dengue  fever,  from  an  experimental  case  (A.V. 
2-M),  were  inoculated  into  culture  media  and  observed  as  in  experiment 
1.  The  blood  collected  from  this  man  on  the  second  day  of  fever  was 
infective  as  was  proved  later  by  passage  of  the  virus  through  A,  segypti 
(lot  2).     No  evidence  of  growth  of  the  virus  was  observed  in  these  tubes. 

Experiment  3, — February  25,  1929.  Cultures  were  prepared  similarly 
with  blood  immediately  after  its  collection  in  a  small  amount  of  sodium 
citrate  from  an  experimental  case  (A.V.  3-A)  on  the  morning  of  the  sec- 
ond day  of  dengue  fever.  The  infectivity  of  this  blood  was  indicated  by 
the  fact  that  A,  segypti  fed  on  this  man  at  the  same  time  (lot  9)  later 
transmitted  dengue.  Additional  aerobic  and  anaerobic  cultures  were 
prepared  by  inoculating  flasks  containing  100  cubic  centimeters  of  dextrose 
infusion  broth  with  0.2  cubic  centimeter  amounts  of  the  citrated  blood. 
After  three  weeks  of  negative  observations  the  inoculated  materials  were 
discarded. 

Experiment  ^. — February  27,  1929.  Similar  tests  were  made  with  fresh 
citrated  blood  collected  in  the  forty-ninth  hour  of  dengue  fever  from  an 
experimental  case  (A.V.  4-Y).  The  fact  that  normal  A,  segypti  desig- 
nated lot  10,  which  fed  on  this  man  at  the  same  time,  were  later  proved 
infected  indicates  that  the  blood  inoculated  in  the  media  also  contained 
dengue  virus.     The  cultural  results  were  negative. 

Experiment  5. — April  14,  1929.  Fresh  blood  was  collected  in  citrate 
from  an  experimental  case  (A.V.  6-R)  during  the  first  day  of  dengue;  and 
0.5  cubic  centimeter  amounts  were  inoculated  into  tubes  of  the  following 
media:  (a)  Noguchi's  medium,  (6)  N.  N.  N.  medium,  (c)  cystine  agar,  and 
(d)  beef-infusion  broth.  Similar  inoculations  were  made  (e)  into  flasks 
containing  100  cubic  centimeters  each  of  1  per  cent  dextrose  broth.    It  may 


86  EXPERIMENTAL  STUDIES   OF  DENGUE 

be  assumed  that  the  blood  contained  virus,  since  normal  A.  segypti  fed 
on  the  patient,  at  the  time  of  its  collection,  were  later  used  to  transmit 
dengue  (lot  12).  However,  no  evidence  of  development  of  the  virus  was 
observed  in  the  cultures. 

Experiment  6. — May  15,  1929.  Fresh  blood  was  collected  in  citrate, 
from  a  dengue  case  (A.V.  9-D)  during  the  second  day  of  the  fever.. 
The  infectivity  of  the  blood  was  proved  by  feeding  normal  A,  wgypti 
(lot  19),  which  were  later  used  to  transmit  dengue.  The  blood  was  inoc- 
ulated into  culture  media  as  in  experiment  5  and  was  incubated  and 
observed  as  usual.     The  results  were  negative. 

Experiment  7. — April  29,  1929.  Fresh  citrated  blood  was  collected 
from  a  dengue  case  (A.V.  10-H)  early  on  the  second  day  of  fever.  Nor- 
mal A.  xgypti  fed  on  the  patient  at  the  same  time  were  later  proved  in- 
fected (lot  17).  The  dengue-infected  blood  was  inoculated  into  media  in 
the  usual  manner,  but  evidence  of  growth  of  dengue  virus  was  not  ob- 
served during  a  period  of  one  month. 

Experiment  8. — July  16,  1929.  Attempts  to  cultivate  dengue  virus  in 
a  mosquito-broth  medium,.  Because  of  the  readiness  with  which  normal  A.. 
segypti  may  be  infected  with  dengue  virus,  and  the  apparent  ease  with 
which  the  virus  continues  to  develop  in  these  mosquitoes  after  infection,  it 
was  considered  possible  that  a  culture  medium  containing  mosquito  protein 
might  favor  growth  of  the  virus  in  vitro.  Therefore,  a  large  number  of 
normal  A.  asgypti  were  killed,  weighed,  and  macerated  in  a  sterile  mor- 
tar with  sufficient  Locke's  solution  to  make  a  2  per  cent  suspension,  and 
the  mosquito  suspension  was  then  sterilized  by  filtration.  Because  of  the 
limited  supply  of  material,  this  medium  was  used  in  0.9  cubic  centimeter 
amounts  in  long  slender  tubes  prepared  from  narrow  glass  tubing.  After 
inoculation  with  0.1  cubic  centimeter  amounts  of  the  infected  serum  or 
blood,  the  tubes  were  incubated  at  37°  C;  and  at  two-  to  four-day  intervals 
0.1  cubic  centimeter  amounts  were  transferred  to  fresh  tubes  of  the  me- 
^dium.  The  blood  used  in  this  experiment  was  collected  in  sodium  citrate 
from  a  case  (A.V.  22-M)  early  on  the  second  day  of  dengue;  and  was 
proved  infective  at  the  time  by  A.  segypti  (lot  30)  and  A,  albopictus  (lot 
29).  The  inoculated  tubes  of  media  were  examined  daily  during  a  period 
of  two  weeks,  but  there  was  no  evidence  of  growth  of  virus. 

Experiment  9. — September  6,  1929.  Fresh  citrated  infective  blood  drawn 
from  a  dengue  case  (A.V.  34-S)  on  the  second  day  of  fever  was  inoculated 
over  the  surface  of  seven  thin  slices  each  of  (a)  boiled  banana  and  (6) 
raw  banana.  Examination  of  the  cultures  for  a  period  of  two  weeks 
failed  to  show  any  evidence  of  the  growth  of  dengue  virus. 

2.   CULTURES  INOCULATED  WITH  INFECTIVE  MATERIALS  AND  LATER 

TESTED  FOR  GROWTH  OF  VIRUS  BY  FEEDING  TO 

NORMAL  AEDES  ^GYPTI 

In  the  following  experiments  an  attempt  was  made  to  cultivate 
the  dengue  virus  in  a  number  of  different  types  of  special  media. 
Material  from  the  inoculated  tubes  was  transferred  serially  at 
different  intervals  of  time  so  that  the  final  tubes  contained  such 
great  dilutions  of  the  original  inoculum  as  to  decrease  the  pos- 
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sibility  of  obtaining  positive  results  by  preservation  of  small 
amounts  of  virus  rather  than  by  its  multiplication.  As  it  had 
been  shov^n  that  normal  A,  asgypti  might  be  infected  by  feeding 
on  dengue  virus  suspended  in  normal  blood  and  placed  in  a 
shallov^  feeding  cell,  advantage  was  taken  of  this  method  for 
determining  the  presence  or  absence  of  virulent  dengue  virus 
in  cultures.  Therefore,  after  inoculation  of  the  medium  with 
dengue-infected  materials  and  incubation  of  the  transferred  cul- 
ture materials,  this  was  fed  to  normal  mosquitoes,  which  were 
later  tested  for  infectivity  by  feeding  on  susceptible  volunteers. 
The  following  culture  media  were  used :  (a)  Galloway's  relap- 
sing-fever  spirochsete  medium; (11)  (&)  Locke-egg-serum  me- 
dium for  amoebae;  (c)  N.  N.  N.  medium;  (d)  hydrocele  fluid; 
(e)  hormone  (heart)  broth;  (/)  spleen  broth;  (g)  brain  broth; 
(h)  bone-marrow  broth;  (i)  banana  broth;  and  (j)  lymph- 
gland  broth  containing  bone.  These  media  were  prepared  as 
follows : 

(a)  Galloway's  medium  for  relapsing -fever  spirochetes, — Small  amounts 
of  whole-egg  emulsion  were  placed  in  test  tubes,  and  heated  in  a  water 
bath  until  coagulated ;  5  cubic  centimeters  of  rabbit  serum,  which  had  been 
heated  for  half  an  hour  at  58°  C.  and  then  diluted  1  to  5  with  physiologic 
salt  solution,  liquid  petrolatum,  and  1  drop  of  normal  blood  were  then 
added  to  each  tube. 

(6)  Boeck  and  Drbohlav*s  Locke-egg-seritm  medium  for  amoebse,  (12) — 
Sodium  chloride  9  grams,  calcium  chloride  0.24  gram,  potassium  chlo- 
ride 0.42  gram,  sodium  bicarbonate  0.20  gram,  and  dextrose  2.50  gram^ 
were  dissolved  in  1,000  cubic  centimeters  of  distilled  water,  filtered,  and 
autoclaved  at  15  pounds  pressure  for  fifteen  minutes.  Four  whole  eggs 
for  each  50  cubic  centimeters  of  solution  were  added,  the  medium  tubed, 
and  coagulated  in  slants.  Each  slant  was  then  covered  in  whole  or  part 
by  inactivated  horse  serum  diluted  with  eight  parts  of  Locke's  solution. 
The  medium  was  then  incubated  at  37°  C.  to  test  sterility. 

(c)  N,  N,  N.  medium. — Fourteen  grams  of  agar  and  6  grams  of  salt 
(NaCl)  were  dissolved  in  900  cubic  centimeters  of  distilled  water  by 
autoclaving  at  15  pounds  for  one  hour;  33 J  per  cent  fresh  defibrinated 
rabbit  blood  was  added  and  the  medium  tubed  in  slants.  The  tubes  were 
sealed  with   paraffined   stoppers. 

(d)  In  experiment  5  the  medium  was  hydrocele  fluid  combined  with 
equal  parts  of  veal-infusion  broth. 

(e)  Hormone  (h^art)  broth.  Modification  of  Huntoon's  method. — Five 
hundred  grams  of  finely  minced  beef  heart,  500  cubic  centimeters  of  dis- 
tilled water,  10  grams  of  peptone,  5  grams  of  salt  (NaCl),  and  one 
whole  egg  well  beaten  were  mixed  together,  heated  to  70°  C,  filtered 
through  a  wire  strainer,  titrated,  and  adjusted  to  Pjj  7.6;  heated  in  "Ar- 
nold'' one  hour  and  after  standing  for  several  hours  the  clear  supernatant 
fluid  was  syphoned,  tubed,  and  sterilized  by  the  fractional  method. 

(/)  Spleen  broth. — Five  hundred  grams  of  finely  ground  bovine  spleen 
were  placed  in  1,000  cubic  centimeters  of  distilled  water,  heated  in  the 
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"Arnold"  for  one  hour,  and  strained  through  cotton.  One  per  cent  pep- 
tone and  0.5  per  cent  salt  (NaCl)  were  added,  the  reaction  adjusted  to 
Pjj   7.6,  tubed,  and  autoclaved  at  15  pounds  pressure  for  one  hour. 

(g)  Brain  broth. — Five  hundred  grams  of  minced  calf  brain  were  placed 
in  500  cubic  centimeters  of  distilled  water,  sterilized  in  "Arnold"  for  one 
hour,  1  per  cent  peptone  and  0.2  per  cent  salt  (NaCl)  were  added  and  the 
reaction  was  adjusted  to  pjj  7.6;  it  was  filtered  through  cheese  cloth  and 
cotton  until  the  medium  was  clear,  and  sterilized  at  15  pounds  pressure 
for  thirty  minutes. 

(h)  Bone-marrow  broth. — Five  hundred  grams  of  macerated  fresh  bor 
vine  bone-marrow  were  placed  in  1,000  cubic  centimeters  of  distilled  water, 
containing  10  grams  of  peptone,  5  grams  of  salt  (NaCl),  and  a  whole  egg 
well  beaten.  The  mixture  was  then  heated  to  70°  C,  filtered  through 
a  wire  sieve  and  adjusted  to  pjj  7.6,  heated  in  the  "Arnold"  for  one  hour, 
allowed  to  stand  over  night,  and  the  clear  supernatant  fluid  was  then 
pipetted,  tubed  in  10  cubic  centimeter  amounts,  and  sterilized  fractionally 
at  15  pounds  pressure. 

{i)  Banana  broth. — Three  hundred  grams  of  fresh  ripe  banana  were 
macerated,  200  cubic  centimeters  of  distilled  water  added,  heated,  and 
cleared  by  centrifugalization.  After  the  reaction  was  adjusted  to  pg  7.4, 
the  medium  was  tubed  and  sterilized  fractionally. 

{j)  Lymph-gland  broth  containing  bone. — Ten  grams  of  peptone  (Fair- 
child's)  and  5  grams  of  sodium  chloride  in  100  cubic  centimeters  of  dis- 
tilled water  were  heated  to  boiling  to  dissolve,  were  cooled,  and  500  grams 
of  finely  macerated  normal  bovine  lymph  glands  were  added.  After 
storage  at  18°  C.  for  twenty-four  hours,  the  medium  was  autoclaved, 
the  reaction  adjusted  to  p^  7.6  and  filtered  through  paper  for  clearing, 
tubed  in  9.9  cubic  centimeter  amounts  in  test  tubes,  which  contained  a 
small  piece  of  fresh,  clean  guinea-pig  bone.  The  medium  was  then  cov- 
ered with  liquid  petrolatum  and  autoclaved. 

EXPERIMENTS 

Experiment  1. — September  11,  1929.  Fresh  citrated  infective  blood 
withdrawn  from  an  experimental  case  of  dengue  (A.V.  38-H)  whose  symp- 
toms began  in  the  afternoon  September  10,  was  inoculated  in  0.1  cubic 
centimeter  amounts  into  each  of  the  following  media:  (a)  Galloway's 
medium;  (6)  Locke-egg-serum  medium;  (c)  equal  parts  of  hydrocele  fluid 
and  beef -infusion  broth  with  and  without  a  covering  of  petrolatum ;  and 
(d)  N.  N.  N.  medium.  In  each  medium  the  transplants  were  made  as 
follows:  Ten  tubes,  each  containing  about  5  cubic  centimeters  of  fluid, 
with  the  exception  of  the  N.  N.  N.  medium,  were  placed  in  a  test-tube 
rack.  Tube  1  was  inoculated  with  0.1  cubic  centimeter  of  undiluted  den- 
gue blood.  After  incubation  for  one  day  0.1  cubic  centimeter  was  trans- 
ferred to  tube  2,  and  so  on  daily  until  the  tenth  tube  was  reached.  Trans- 
fers were  also  made  in  series  from  tube  1,  at  two-day  intervals  to  tubes 
3,  5,  7,  and  9 ;  at  three-day  intervals  to  tubes  4,  7,  and  10 ;  and  at  f our- 
and  five-day  intervals  to  tub-es  5  and  10.  Thus,  various  incubation  pe- 
riods were  represented  by  the  material  iri  the  last  two  tubes. 

Culture  materials  fed  to  mosquitoes. — September  21,  1929,  or  ten  days 
later,  the  contents  of  the  last  two  tubes  (tubes  9  and  10)  of  each  medium. 
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were  mixed  with  normal  human  citrated  blood  collected  from  A.V.  42-H 
and  fed  to  mosquitoes  as  follows:  Cultures  in  media  "a"  and  "b"  were  fed 
to  one  hundred  twenty  normal  A,  segypti  designated  lot  64;,  cultures  in 
medium  "c"  were  fed  to  twenty-four  normal  A.  segypti,  which  became  lot 
65,  and  cultures  in  medium  "d"  were  fed  to  twenty-nine  normal  A.  segypti 
designated  lot  66. 

TEST  FOR  VIRUS  IN  MOSQUITOES  FED  ON  CULTURES 

Test  A, — October  7,  10.30  a.  m.,  or  sixteen  days  after  feeding  on  the 
various  culture-blood  mixtures,  eighty-two  A,  segypti  of  lot  64,  twenty- 
four  of  lot  65,  and  nineteen  of  lot  66  fed  on  a  susceptible  volunteer 
(A.V.  48-H).     Dengue  did  not  develop  during  twenty  days  observation. 

Test  B, — October  15,  9.30  a.  m.,  or  twenty-four  days  after  feeding  on  the 
mixture  of  cultures  and  blood,  thirty-five  Aedes  of  lot  64,  twelve  of  lot 
65,  eleven  of  lot  66,  and  two  of  lot  74  again  fed  on  the  same  volunteer 
(A.V.  48-H)  and  again  failed  to  cause  dengue  during  a  period  of  twelve 
days  observation. 

Test  C, — October  19,  10  a.  m.,  or  twenty-eight  days  after  feeding  on 
the  culture-blood  mixture,  twenty-six  A.  segypti  of  lot  64  fed  on  a  suscep- 
tible volunteer  (A.V.  51-S).  Dengue  did  not  develop  in  twelve  days 
observation,  and  this  lot  was   discarded  November   1. 

Test  D, — October  19,  10  a.  m.,  six  A,  segypti  of  lot  65  and  ten  of  lot  66 
fed  on  a  susceptible  volunteer  (A.V.  52-N).  Since  no  symptoms  of  den- 
gue occurred  during  the  following  twelve  days  this  experiment  was  also 
considered  negative,  and  therefore  this  volunteer  was  used  on  the  evening 
of  October  31  for  another  experiment,  designed  to  test  the  infectivity 
of  a  different  lot  of  A.  segypti  (lot  99).  However,  November  1  at  10.30 
a.  m.,  or  twenty- four  hours  following  the  feeding  of  lot  99  A.  segypti 
and  thirteen  days  after  the  last  feeding  of  lots  65  and  66,  A.V.  52-N  de- 
veloped symptoms  of  dengue.  Eighty-eight  normal  A.  segypti  were  fed  at 
this  time  and  designated  lot  105,  but  were  not  tested.  Comment:  The 
fact  that  this  volunteer  (A.V.  52-N)  was  absent  from  the  ward  the  night 
of  October  27,  just  five  days  before  he  developed  dengue  makes  it  im- 
possible to  be  sure  of  the  source  of  his  infection.  However,  considering 
the  fact  that  thirteen  days  had  elapsed  since  the  feeding  of  six  and  ten 
A.  segypti,  respectively,  of  lots  65  and  66;  and  the  fact  that  about  twice 
as  many  mosquitoes  of  these  same  lots  had  failed  to  infect  A.V.  48-H 
who  was  bitten  by  them  October  7  and  again  October  15,  it  seems  pos- 
sible that  these  mosquitoes  of  lots  65  and  66  were  not  responsible  for  the 
infection. 

Experiment  2. — September  21,  1929.  Infected  blood  was  collected  from 
an  experimental  case  of  dengue  (A.V.  37-M)  early  on  the  second  day 
of  fever,  and  was  inoculated  in  0.1  cubic  centimeter  amounts  into  tubes 
containing  9.9  cubic  centimeters  each  of  hormone  broth  (heart),  spleen 
broth,  brain  broth,  and  banana  broth.  From  these  first  tubes  (I),  which 
contained  the  original  blood  in  dilutions  of  1  to  100,  immediate  transfers 
of  0.1  cubic  centimeter  amounts  were  made  to  a  second  series  of  tubes 
(II),  resulting  in  dilutions  of  1  to  10,000;  from  the  second  0.1  cubic  cen- 
timeter was  carried  to  a  third  series  (III),  resulting  in  dilutions  of  1 
to  1  million;  and  from  the  latter  tubes  0.1  cubic  centimeter  amounts  were 
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transferred  to  a  fourth  series  (IV),  resulting  in  dilutions  of  1  to  1  billion. 
After  incubation  at  37°  C.  transfers  were  made  from  tubes  I,  II,  and 
III  at  one-,  two-,  and  four-day  intervals  for  eight  days,  as  follows: 
From  the  first  tube  in  series  I,  1  cubic  centimeter  amounts  were  trans- 
ferred each  day  until  September  28,  giving  a  dilution  of  1  to  1  billion  in 
the  final  tube;  from  the  first  tube  in  series  II,  0.1  cubic  centimeter  amounts 
were  transferred  every  second  day  until  September  27,  resulting  in  a  final 
dilution  of  1  to  10  billion;  from  the  first  tube  in  series  III,  0.01  cubic 
centimeter  was  transferred  on   September  25,  giving  a   final  dilution  of 

1  to  1  billion;  while  tube  1  in  series  IV,  in  which  the  blood  was  already 
diluted  1  to  1  billion,  was  incubated  for  eight  days  without  transfer. 

Culture  materials  fed  to  mosquitoes, — September  29,  after  the  material 
in  the  final  tubes  of  each  series  had  been  incubated  for  one,  two,  four, 
and  eight  days,  respectively,  representative  portions  of  the  culture  ma- 
terials were  pooled,  mixed  with  equal  parts  of  citrated  normal  guinea- 
pig  blood,  and  fed  to  normal  A.  segypti.  The  final  cultures  in  hormone 
broth  and  banana  broth  were  pooled,  mixed  with  blood  in  a  feeding  cell, 
and  placed  in  a  cage  containing  one  hundred  recently  emerged  normal 
mosquitoes,  only  eight  .of  which  fed  on  the  mixture.  Similar  unsatis- 
factory results  were  obtained  with  the  culture  material  in  the  brain 
broth  and  spleen  broth,  on  which  only  ten  of  one  hundred  mosquitoes  fed. 
A  final  attempt  was  made  to  feed  additional  mosquitoes  on  the  follow- 
ing day,  but  only  a  few  ingested  the  culture-blood  mixture.  The  thirty- 
six  mosquitoes  fed  on  these  cultures  were  combined  and  designated  lot  80. 

Test  for  virus  in  the  mosqtiitoes. — Twelve  days  later  five  A.  segypti  of 
lot  80  fed  on  a  newly  admitted  volunteer  (A.V.  50-C).  Dengue  fever 
did  not  result  in  this  case. 

Conclusions. — The  small  numbers  of  A.  segypti  that  fed  on  these  cul- 
tures and  the  smaller  number  left  for  use  in  testing  the  infectivity 
of  the  lot,  rendered  the  negative  results  of  this  experiment  inconclusive. 

Experiment  S, — September  27,  1929.  Three  series  of  tubes  were  pre- 
pared containing,  respectively,  (a)  brain  broth,  (6)  spleen  broth,  and 
(c)  bone-marrow  broth.  The  first  tube  in  each  series  was  inoculated 
with  1  cubic  centimeter  of  citrated  infected  blood  drawn  thirty  minutes 
earlier  from  a  patient  (A.V.  42-H),  who  had  developed  symptoms  of 
dengue  fever  twenty-four  hours  previously.  Thereafter,  transfers  were 
made  daily  to  fresh  tubes  of  media  resulting  in  the  following  dilutions 
of  the  original  blood:  Brain-broth  and  spleen-broth  mediums. — Tube  1  (1- 
10),  2  (1-100),  3  (1-2,000),  4  (1-40,000),  5  (1-800,000),  6  (1-160  millon), 
7  (1-320  million),  8   (1-64  billion).     Bone-marrow  broth.— Tube  1   (1-10), 

2  (1-100),  3  (1-1,000),  4  (1-20,000),  5  (1-200,000),  6  (1-2  million),  7 
.(1-20  million),  8    (1-200  million). 

Culture  m/iterials  fed  to  mosquitoes. — October  5,  a  mixture  was  pre- 
pared by  adding  5  cubic  centimeters  of  defibrinated  normal  human  blood 
to  1  cubic  centimeter  eacli  of  the  bone-marrow  broth  (1-200  million), 
brain  broth  (1-6.4  billion),  and  spleen  broth  (1-6.4  billion)  culture  ma- 
terials. After  placing  this  culture-blood  mixture  in  a  feeding  cell,  se- 
ven normal  A.  segypti  fed  and  were  designated  lot  75.  After  an  additional 
two  days  incubation  another  mixture  was  prepared  from  the  cultures  as 
follows:    One  cubic  centimeter  bone-marrow  broth    (1-200  million),  2  cu- 
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bic  centimeters  bone-marrow  broth  (1-20  million),  1  cubic  centimeter  spleen 
broth  (1-64  billion),  and  1  cubic  centimeter  brain  broth  (1-64  billion) 
to  which  was  added  5  cubic  centimeters  of  defibrinated  normal  human 
blood.  Forty-eight  normal  A,  segypti,  which  fed  on  this  mixture,  were 
added  to  the  seven   mosquitoes  remaining  in  lot  75. 

Test  for  vinos  in  mosquitoes, — October  21,  10  a.  m.,  fourteen  A.  segypti 
of  lot  75  and  one  of  lot  80  fed  on  a  susceptible  volunteer  (A.V.  50-C). 
Dengue  did  not  develop. 

Conclusion, — There  was  no  indication  that  the  virus  of  dengue  grew 
in  these  cultures. 

Experiment  U- — December  4,  1929.  Blood  containing  virus  was  ob- 
tained from  an  experimental  case  (A.V.  62-H)  during  the  beginning  of 
dengue.  Normal  A,  alhopictus  which  fed  at  the  same  time,  designated  lot 
128,  later  produced  dengue  in  two  monkeys  (M.  philippinensis  30  and  31) 
and  in  A.V.  69-K.  This  infective  blood  was  immediately  inoculated  in 
0.1  cubic  centimeter  amounts  into  tubes  containing  approximately  6  cu- 
bic centimeters  each  of  the  following  media:  (a)  Equal  parts  of  hydrocele 
fluid  and  veal-infusion  broth,  (6)  the  same  medium  covered  with  paraffin 
oil,  and  (c)  Boeck  and  Drbohlav's  amceba  medium.  After  incubation  at 
37°  C,  serial  transplants  of  0.1  cubic  centimeter  amounts  were  made  De- 
cember 5,  7,  9,  11,  and  13.  December  17,  the  final  cultures  in  each  medium 
were  mixed  with  equal  parts  of  guinea-pig  blood,  making  a  total  of  about 
15  cubic  centimeters  of  fluid,  a  part  of  which  was  then  fed  to  normal  A. 
segypti, 

TESTS  OF  THE  MOSQUITOES   FOR  INFECTIVITY 

Test  A, — The  normal  A,  segypti  fed  on  the  hydrocele-fluid  medium  were 
called  lot  140.  Fifty  mosquitoes  of  this  lot  later  fed  on  a  susceptible 
volunteer  (A.V.  67-McC)  at  9.30  a.  m.,  January?  13,  1930,  but  failed  to 
cause  dengue.  This  lot  was  retested  at  10  a.  m.,  January  24,  1930,  when 
thirty-four  mosquitoes  again  fed  on  a  susceptible  volunteer  (A.V.  77-E) 
and  again  failed  to  produce  dengue.  The  lot  140  mosquitoes  wete  con- 
sidered uninfected  and  were  discarded  February  12,  1930. 

Test  B. — Normal  A.  segypti  fed  on  the  hydrocele-fluid  medium  incubated 
under  paraffin,  and  designated  lot  141,  were  tested  along  with  lot  140. 
Thirty  of  these  mosquitoes  fed  on  A.V.  67~McC  January  13,  and  twenty- 
one  fed  on  A.V.  78-0  January  24,  1930.  As  dengue  did  not  develop  in 
either  of  these  susceptible  volunteers  the  lot  141  mosquitoes  were  con- 
sidered uninfected,  and  were  discarded  February  12,  1930. 

Test  C. — Normal  A,,  segypti  fed  on  the  cultures  in  the  amceba  medium 
were  designated  lot  142  and  tested  on  a  susceptible  volunteer  (A.V.  71-W). 
Ninety  mosquitoes  fed  on  this  man  January  13,  1930;  and  seventy  again 
fed  January  27,  1930.  As  the  results  were  negative  these  mosquitoes  were 
discarded  February  13,  1930. 

Conclusion, — ^There  was  no  evidence  indicating  growth  of  the  dengue 
virus  in  these  cultures. 

Experiment  5, — December  4,  1929,  10.45  a.  m.  Blood  was  collected  from 
an  experimental  case  (A.V.  62-H)  early  on  the  second  day  of  dengue 
and  0.1  cubic  centimeter  amounts  were  inoculated  into  tubed  contain- 
ing 5  cubic  centimeter  amounts  of  the  following  media:    (a)  Brain  broth, 
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(6)  brain  broth  covered  with  paraffin  oil,  (c)  spleen  broth,  (d)  spleen 
broth  covered  with  paraffin  oil,  (e)  hormone  broth  (heart),  (/)  hormone 
broth  covered  with  paraffin  oil,  (g)  bone-marrow  broth,  (h)  bone-marrow 
broth  covered  with  paraffin  oil.  Each  culture  was  incubated  at  37°  C, 
and  at  two-day  intervals  0.1  cubic  centimeter  amounts  were  transferred 
serially  to  new  tubes  of  media. 

Culture  material  fed  to  mosquitoes. — December  23,  1929,  each  final  cul- 
ture was  mixed  with  equal  parts  of  normal  ^inea-pig  blood  and  fed  ar- 
tificially to  normal  A,  segypti  which  were  designated  as  follows:  One 
hundred  thirty-eight  mosquitoes  fed  on  the  brain  broth  (a),  lot  147;  one 
hundred  thirty  mosquitoes  fed  on  the  brain  broth  (6),  lot  148;  one  hun- 
dred three  fed  on  spleen  broth  (c),  lot  149;  one  hundred  forty  fed  on  spleen 
broth  (d)f  lot  150;  sixty  fed  on  hormone  broth  (e),  lot  151;  one  hundred 
fifty  fed  on  hormone  broth  (/),  lot  152;  one  hundred  thirty-eight  fed  on 
bone-marrow  broth  (g),  lot  153;  and  ninety-six  mosquitoes  fed  on  bone- 
marrow  broth  (h),  lot  154. 

Test  for  virus  in  mosquitoes. — These  various  lots  of  A,  segypti  were 
tested  for  dengue  virus  as  follows: 

Test  A, — January  13,  1930,  ninety-three,  ninety-eight,  eighteen,  and 
one  hundred  two  mosquitoes  of  lots  147,  149,  151,  and  153,  respectively, 
fed  on  a  susceptible  volunteer   (A.V.  71-W)   and  failed  to  cause  dengue. 

Test  B, — January  27,  1930,  eighty-five,  seventy-five,  twelve,  and  one 
hundred  sixteen  mosquitoes  of  the  same  lots  again  fed  on  A.V.  71-W 
with  negative  results. 

Test  C. — January  13,  1930,  eighty-one,  one  hundred  twelve,  ninety-five, 
and  eighty-seven  A,  segypti  of  lots  148,  150,  152,  and  154,  respectively, 
were  fed  on  a  susceptible  volunteer  (A.V.  68-J)  and  failed  to  cause  dengue. 

Conclusion. — ^There  was  no  evidence  of  the  growth  of  dengue  virus  in 
any  of  these  cultures. 

Experiment  ^.—December  16,  1929.  Defibrinated  blood  was  collected 
from  a  dengue  patient  (A.V.  66-W)  during  the  first  day  of  fever  and 
inoculated  in  0.1  cubic  centimeter  amounts  into  tubes  containing  9.9  cubic 
centimeters  each  of  lymph-gland  broth.  Transfers  were  made  serially  of 
0.1  cubic  centimeter  amounts  at  two-day  intervals  for  twenty-eight  days. 
January  15,  1930,  the  final  culture  was  mixed  with  an  equal  amount  of 
normal  guinea-pig  blood  and  fed  artificially  to  one  hundred  fifty-five  normal 
A.  segypti,  called  lot  155.  This  lot  was  tested  at  10.30  a.  m.,  February  15, 
1930,  when  twelve  of  the  mosquitoes  fed  on  a  susceptible  volunteer  (A.V. 
79~H).  As  the  volunteer  did  not  develop  dengue  from  this  biting,  the 
mosquitoes  were  considered  to  be  free  from  virus. 

Comment. — No  evidence  was  obtained  to  indicate  that  dengue  virus  was 
cultivated  in  the  media  used, 

DISCUSSION 

The  results  of  these  cultivation  experiments  agree  with  the 
negative  observations  of  other  workers  and  indicate  that 
dengue  virus,  as  it  exists  in  infected  blood,  is  probably  incap- 
able of  multiplication  in  vitro  in  the  culture  media  used.     How- 
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ever,  as  the  etiological  agent  of  dengue  has  not  yet  been 
recognized  morphologically  and  its  presence  is  detected  only 
by  demonstrating  its  ability  to  cause  typical  infection  in  man, 
the  evidence  at  hand  is  hardly  sufficient  to  prove  that  dengue 
virus  failed  to  reproduce  in  these  experiments.  For  example, 
it  is  at  least  possible  that  the  virus  added  to  the  initial  tubes 
of  media  might  have  developed  and  been  carried  by  transfer 
to  the  final  tube,  but  that  due  to  some  change  during  cultiva- 
tion it  had  become  incapable  of  infecting  the  normal  mosquitoes 
by  v^hich  it  w^as  ingested.  It  is  also  conceivable  that  the  virus 
might  have  developed  in  virulent  form  in  all  of  the  cultures, 
but  that  due  to  slow  growth  or  to  its  great  dilution  in  the 
final  tubes  of  media,  it  was  not  present  in  sufficient  concen- 
tration to  cause  infection  of  the  mosquitoes.  However,  the 
latter  possibility  is  considered  to  be  unlikely.  It  has  been  shown 
by  the  authors  that  during  an  average  complete  feeding  normal 
A,  segypti  ingest  about  2.5  milligrams  of  blood;  and  that  this 
amount  of  blood  from  a  dengue  patient,  or  a  similar  amount  of 
a  mixture  containing  five  infective  A.  ^gypti,  suspended  in  1 
cubic  centimeter  of  normal  blood,  is  sufficient  to  infect  normal 
mosquitoes.  Since  relatively  large  numbers  of  mosquitoes  took 
full  feedings  from  the  cultures,  it  appears  that  the  chances 
favored  their  infection,  had  the  virus  been  present  even  in 
small  amounts.  For  example,  one  hundred  A.  segypti^  each  in- 
gesting 2.5  milligrams  from  5  cubic  centimeters  of  equal  parts 
of  normal  blood  and  culture  material  spread  in  a  thin  layer 
with  an  area  of  3  by  4  inches,  would  result  in  the  testing  of 
one  hundred  different  samples  of  2.5  milligrams  each,  represent- 
ing a  total  of  250  milligrams  of  the  culture-blood  mixture. 
Therefore,  in  spite  of  the  unexplained  result  obtained  in  test 
D,  experiment  1,  it  seems  likely  that  the  virus  of  dengue  failed 
to  multiply  in  the  media  used,  as  is  indicated  by  the  negative 
results  obtained  in  the  other  transmission  experiments. 

CONCLUSIONS 

1.  In  these  cultivation  experiments  no  macroscopic  or  mi- 
croscopic evidence  was  observed  indicating  growth  of  the  virus 
of  dengue  in  vitro. 

2.  The  negative  results  of  the  tests  on  susceptible  volunteers 
to  determine  the  possible  infection  of  A.  segypti  that  had  fed 
on  inoculated  media  indicate  that  dengue  virus  failed  to  grow 
in  the  culture  media  used. 
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THE  VIABILITY  OF  DENGUE  VIRUS 

Information  concerning  the  viability  of  dengue  virus  under 
different  conditions  is  of  considerable  importance;  however,  be- 
cause of  the  rather  difficult  and  tedious  technical  procedures 
necessary  for  the  detection  of  dengue  virus,  such  information 
is  limited  and  is  largely  incidental  to  various  other  experimental 
observations  considered  to  be  of  more  immediate  importance. 
The  available  information  indicates  that  dengue  virus  is  able 
to  exist  for  relatively  long  periods  in  the  bodies  of  certain  in- 
fected mosquitoes,  for  shorter  periods  in  infected  human  beings 
and  lower  animals,  and  for  very  short  periods  outside  the  living 
bodies  of  these  hosts. 

Viability  of  dengue  virus  in  Aedes  mosquitoes. — It  has  been 
shown  by  Siler,  Hall,  and  Hitchens,(i)  Blanc  and  Caminope- 
tros,(2)  and  the  present  authors  that  dengue  virus  remains  alive 
in  infected  A.  segypti  for  periods  of  at  least  seventy-five,  one 
hundred  seventy-four,  and  seventy  days,  respectively;  and  the 
authors  have  recently  shown  that  the  virus  lives  for  at  least 
fifty-four  days  in  A.  albopictus.  Apparently,  the  living  tissues 
of  these  mosquitoes  furnish  ideal  conditions  for  the  continued 
existence  of  dengue  virus,  which  probably  lives  until  the  death 
of  the  insect.  While  there  is  very  little  information  available 
concerning  the  duration  of  life  of  the  virus  in  infected  mos- 
quitoes after  their  death,  it  has  been  shown  by  filtration  exper- 
iments with  suspensions  of  killed  A,  segypti  that  the  virus  re- 
mained alive,  at  room  temperature,  for  at  least  two  hours.  How- 
ever, attempts  to  demonstrate  virus  in  the  dried  tissues  of  A, 
segypti  after  longer  periods  were  not  successful,  as  is  shown  in 
the  following  experiments. 

Experiment  1. — March  3,  1930.  One  hundred  infective  A,  segypti,  in- 
cluding sixty-nine  of  lot  162,  nine  of  lot  135,  seven  of  lot  137,  five  of  lot 
138,  and  ten  of  lot  139,  were  killed,  ground  in  a  mortar,  desiccated  over 
calcium  chloride,  and  stored  in  a  vacuum  in  a  sealed  glass  tube,  kept  in 
the  refrigerator. 

After  four  days  storage  (March  7)  the  mass  of  dry  mosquito  tissue 
was  suspended  in  3  cubic  centimeters  of  a  mixture  consisting  of  1  cubic 
centimeter  of  physiologic  salt  solution  and  2  cubic  centimeters  of  defibrinated 
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normal  human  blood.  One  hundred  twenty-four  normal  A.  asgypti  fed  on 
this  mosquito  suspension  and  were  designated  lot  179.  March  22  and  24, 
1930,  sixteen  of  these  lot  179  mosquitoes  were  tested  for  infectivity  by 
feeding  on  a  susceptible  volunteer  (A.V.  91-K).     Dengue  did  not  result. 

Experiment  2. — March  3,  1930,  one  hundred  infective  A,  segypti  of  lot 
164  were  killed,  dried,  and  stored  in  a  manner  similar  to  that  followed  in 
experiment  1.  Four  days  later  the  material  was  mixed  with  blood  and 
fed  to  sixty-seven  normal  A.  segypti  which  were  designated  lot  180.  Twelve 
of  these  mosquitoes  fed  on  a  susceptible  volunteer  (A.V.  91-K)  March  24, 
1930,  but  failed  to  cause  dengue. 

Comment, — While  these  two  negative  experiments  fail  to  prove  that  the 
virus  had  died  after  being  kept  for  four  days  in  the  dried  tissues  of  dead 
A,  segyptiy  it  seems  probable  that  this  was  the  case. 

Viability  of  dengue  virus  in  blood, — After  virulent  virus  has 
been  introduced  into  susceptible  human  beings  it  remains  alive 
throughout  the  incubation  period  of  from  four  to  ten  or  more 
days,  and  during  at  least  the  first  three,  and  probably  more, 
days  of  the  infection.  This  is  no  doubt  true  also  of  infections  in 
susceptible  lower  animals,  particularly  monkeys. 

Thus,  the  life  of  the  virus  in  man  may  be  estimated  at  from 
seven  to  fifteen  days,  with  the  possibility  that  very  minute 
amounts  of  virulent  virus  or  larger  amounts  of  attenuated  virus 
may  exist  for  much  longer  periods.  It  is  apparent  that  the 
small  amount  of  virus  introduced  by  a  mosquito  during  the 
infective  biting  multiplies  more  or  less  rapidly,  until  within  four 
to  ten  days  it  is  present  in  sufficient  amount  to  cause  symptoms 
of  dengue  fever.  During  the  day  preceding  the  fever  the  con- 
centration of  virus  in  the  blood  may  or  may  not  be  great  enough 
to  cause  infection  in  normal  mosquitoes 'which  ingest  full  feed- 
ings of  about  0.025  gram  of  the  blood. 

Mosquitoes  fed  on  the  first  and  second  days  of  the  disease 
practically  always  become  infected,  indicating  that  at  this  time 
the  concentration  of  infective  virus  is  at  its  height.  On  the 
third  day  of  fever  there  is  probably  a  diminution  in  virulent 
virus,  as  mosquitoes  may  or  may  not  be  infected  by  feeding  at 
this  time ;  while  on  subsequent  days  mosquitoes  can  rarely  be  in- 
fected by  feeding  on  the  blood  of  dengue  patients.  However, 
from  the  reports  of  various  investigators  who  have  produced 
dengue  by  inoculating  volunteers  with  large  amounts  of  blood  col- 
lected from  patients  at  different  periods,  it  appears  possible  that 
while  diminished  in  amount  virulent  virus  may  be  present 
throughout  the  fever.  As  there  i&  no  method  available  for  the 
recognition  of  attenuated  virus,  it  is,  of  course,  also  possible  that 
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during  infection  the  virus  may  not  be  killed  but  may  continue 
to  live  and  multiply  in  an  attenuated  form,  which  might  be 
transmissible  to  insects  and  might  even  revert  to  the  infective 
state  at  a  later  period.  While  this  possibility  is  purely  specula- 
tive there  is  no  available  experimental  evidence  to  indicate  that 
the  virus  of  dengue  is  killed  in  man  or  that  a  deferred  carrier 
state  might  not  occur  in  this  host. 

VIABILITY  OP  VIRUS   IN  INFECTIVE  BLOOD  AFTER  ITS   COLLECTION 
FROM  DENGUE  PATIENTS 

Cleland,  Bradley,  and  McDonald  (3)  (1919)  produced  dengue 
in  volunteers  by  inoculations  of  infective  blood  w^hich  had  been 
kept  at  refrigerator  or  room  temperatures  for  periods  of  48, 
172,  and  99  hours,  respectively.  Koizumi,  Yamaguchi,  and 
Tonomura(4)  (1918)  reported  that  in  two  instances  dengue 
virus  in  infective  blood,  which  was  diluted  with  three  and  four 
volumes  of  saline,  was  infective  after  standing  for  five  hours 
at  room  temperature,  while  similar  materials  kept  in  the  ice 
chest  gave  negative  results  when  injected  into  volunteers.  Blanc 
and  Caminopetros(5)  (1929)  found  that  the  addition  of  one- 
fifteenth  volume  of  bile  to  dengue  blood  rendered  the  virus  non- 
infective  within  five  minutes,  while  smaller  amounts  caused  a 
decrease  in  virulence.  Manoussakis(6)  (1928)  preserved  virus 
for  six  days  by  collecting  25  cubic  centimeters  of  infective  blood 
during  the  first  twenty-four  hours  of  dengue,  and  mixing  this 
with  200  cubic  centimeters  of  normal  saline,  which  was  then 
sealed  and  stored  in  an  incubator.  Six  days  later  the  subcutane- 
ous inoculation  of  6  cubic  centimeters  of  the  supernatant  fluid 
caused  dengue.  He  also  observed  that  the  infective  power  of 
dengue  virus  in  serum  was  destroyed  by  heating  to  50°  C.  for 
half  an  hour,  while  exposure  to  40°  C.  for  a  similar  period  did 
not  interfere  with  its  virulence.  Virus  was  not  destroyed  by 
exposure  to  sunlight  for  half  an  hour,  or  by  storage  for  seven 
days  at  37°  C,  or  at  room  temperature  for  eight  days.  Blanc, 
Caminopetros,  and  Manoussakis(7)  (1928)  announced  that 
dengue  virus  in  serum,  stored  in  sterile  flasks  at  room  temper- 
ature, remained  infective  for  a  period  up  to  two  months.  Al- 
though the  observations  of  various  workers  concerning  the 
viability  of  dengue  virus  after  removal  from  the  living  tissues 
of  its  hosts  differ  considerably,  it  is  apparent  that  under  favor- 
able conditions  the  virus  may  live  for  several  days.    Although 
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somewhat  resistant  to  unfavorable  conditions,  the  many  attempts 
made  to  cultivate  dengue  virus  have  been  unsuccessful;  and  as 
yet  no  one  has  been  able,  to  prove  that  it  can  multiply  in  vitro. 

The  recent  announcement  by  Sav^yer,  Lloyd,  and  Kitchen  (8) 
(1929),  of  a  method  by  which  yellow-fever  virus  may  be  pre- 
served for  at  least  one  hundred  fifty-four  days  by  freezing  the 
infective  blood  of  monkeys  immediately  after  collection,  drying 
it  in  a  vacuum  while  frozen,  and  storing  the  dried  blood  in  sterile 
glass  containers  kept  in  the  refrigerator,  led  to  the  following 
experiments  in  which  an  effort  was  made  to  preserve  dengue 
virus  in  a  similar  manner. 

ATTEMPTS  TO  PRESERVE  DENGUE  VIRUS  IN  FROZEN  DRIED  BLOOD 

Blood  was  collected  from  experimental  dengue-fever  patients 
during  the  first  daV  of  the' disease,  and  0.5  to  1  cubic  centi- 
meter amounts  were  immediately  placed  in  sterile  Petri  plates, 
evaporating  dishes,  or  small  test  tubes,  and  frozen  at  once,  either 
in  an  ice-brine  mixture  or  in  solid  carbon  dioxide.  The  frozen 
blood  was  then  placed  in  a  desiccator  surrounded  by  ice  and  brine, 
and  was  dried  over  calcium  chloride  until  the  following  day  when 
it  was  sealed  in  pyrex  glass  tubes.  After  storage  at  18°  C.  for 
different  intervals  of  time,  portions  of  the  samples  of  dried  blood 
were  suspended  in  physiologic  salt  solution  and  tested  for  the 
presence  of  infective  virus  by  subcutaneous  inoculation  into  sus- 
ceptible volunteers.  As  indicated  in  Table  1,  no  evidence  was 
obtained  to  show  that  any  of  these  preparations  contained  in- 
fective dengue  virus  after  storage  for  periods  of  four,  fifteen, 
fifty-two,  and  eighty  days  at  ice-box  temperatures. 

SUMMARY  AND  CONCLUSIONS 

1.  From  the  available  information  it  is  evident  that  infective 
dengue  virus  remains  alive  in  its  mosquito  and  animal  hosts  for 
much  longer  periods  than  in  the  dead  tissues  of  these  hosts,  but 
that  the  duration  of  life  in  the  latter  under  favorable  conditions 
may  be  not  inconsiderable. 

2.  The  virus  of  dengue  was  apparently  not  preserved  in  an 
infective  state  in  desiccated  infective  mosquitoes  stored  at  18°  C. 
for  four  days  or  in  frozen  dried  blood  collected  from  experimental 
cases  of  dengue  during  the  first  day  of  fever  when  stored  at  18° 
C.  for  four,  fifty-two,  and  eighty  days. 
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Table  7. — Attempts  to  preserve  dengue  vims  in  frozen  dried  bloods 


Source  of  infective  blood. 


Date. 


July  17,  1929__._ 
July  17,  1929.... 
June  26,  1929... 
June26,  1929  ..  _ 
Sept.  10,  1929..- 


Dengue  patient. 


A.V.  21-M. 
do 


A.V.  14-A. 

do_.__ 

A.V.  38-H_ 


Day  of  disease. 


First., 


-do_ 
-do- 
-do- 
-do- 


Period  of 
storage  in 
ice  box. 


Days. 

4 

4 

15 

52 

80 


Subsequent  test  of  dried  blood  for  dengue  virus. 


Date  of  inocula- 
tion into  volun- 
teer. 

Volume 
of  origi- 
nal inoc- 
ulated. 

cc. 

July 

21, 

1929. 

0.5 

July 

21, 

1929. 

0.5 

July 

11, 

1929. 

1.5 

Aug. 

17, 

1929. 

1.0 

Nov. 

29, 

1929. 

1.0 

Suspended  in- 


Salt  solution. 

do 

do 

do 

do 


Filtered  or 
unfiltered. 


Filtered 

Unfiltered... 

Filtered 

Unfiltered... 
do 


Susceptible 
volunteer. 


A.V.  24-H__. 
A.V.  26-T_.. 
A.V.  28-P__. 
A.  V.  32- W.. 

A.V.  65-F... 


Days 
observa- 
tions af- 
ter inoc- 
ulation. 


Days. 
21 
13 
24 
14 
18 


Result. 


Negative. 
Do. 
Do. 
Do. 
Do. 
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FILTERABILITY  OF  DENGUE  VIRUS  OBTAINED  FROM 
INFECTED  MOSQUITOES 

It  was  first  demonstrated  by  Ashburn  and  Craig(i)  in  1906 
that  infective  virus  from  the  blood  of  individuals  suffering  with 
dengue  may  be  passed,  through  diatomaceous  filters.  This  ob- 
servation has  since  been  confirmed  by  other  workers.  For  ex- 
ample, Koizumi,  Yamaguchi,  and  Tonomura(2)  in  1917  were 
successful  in  one  of  four  tests ;  and  Cleland,  Bradley,  and  McDo- 
nald (3)  in  1919  were  able  to  pass  dengue  virus  through  filters 
in  three  of  six  experiments.  Thus,  it  is  apparent  that  while  the 
virus,  as  it  exists  in  the  blood  of  dengue  patients,  is  filterable, 
it  is  also  to  be  noted  that  owing  to  several  variable  technical 
factors,  filtration  experiments  with  dengue  virus,  as  with  other 
viruses,  are  not  always  successful. 

The  present  study  was  made  to  determine  the  filterability  of 
the  virus  obtained  from  infected  mosquitoes  with  the  idea  in 
mind  that  the  results  might  give  some  indication  as  to  whether 
the  virus  is  similar  during  its  development  in  both  the  insect 
and  vertebrate  hosts,  or  whether  a  different  developmental  cycle 
is  required  in  the  mosquitoes ;  also,  if  the  virus  obtained  from 
the  mosquitoes  proved  to  be  consistently  filterable,  it  was  planned 
to  take  advantage  of  this  method  for  removing  bacteria  from 
suspensions  of  insects  of  various  species  fed  on  dengue  blood, 
in  order  to  test  them  for  the  presence  of  virus  by  inoculation 
into  volunteers. 

EXPERIMENTAL 
METHODS  AND  MATERIALS 

(a)  Source  of  dengue  viru^, — The  dengue  virus  fed  to  the 
various  mosquito  lots  used  in  these  experiments  was  a  virulent 
strain  (K)  obtained  originally  in  December,  1928,  from  a  pa- 
tient, Keller,  who  had  dengue.  This  strain  had  been  continued 
for  a  long  period  of  time  by  repeated  passages  through  man  and 
mosquitoes. 

(&)  Infection  of  mosquitoes. — The  mosquitoes  of  each  lot  were 
first  given  full  feedings  of  infective  blood  from  experimental 
cases  of  dengue  during  the  first  or  second  day  of  the  disease. 
100 
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In  every  instance  the  blood  was  proved  infective  at  the  time 
of  feeding,  by  later  transmission  of  the  disease  to  susceptible 
volunteers  either  by  mosquitoes  of  the  same  lots  or,  in  the  case 
of  Culex  quinquefasciatiis,  by  Aedes  which  had  ingested  the 
blood  at  the  same  time.  Aedes  segypti  was  used  in  all  but  two 
experiments,  while  A.  albopictus  was  selected  for  one  and  C. 
quinquefasciatus  for  another. 

(c)  Preparation  of  mosquito  suspensions, — In  preparing  the 
material  for  filtration,  the  mosquitoes  were  killed,  and  after 
having  been  ground  in  a  sterile  mortar  with  sterile  sand  or 
powdered  pyrex  glass,  they  were  suspended  either  in  physiologic 
salt  solution  or  in  hormone  broth. 

{d)  Filtration. — The  suspensions  of  mosquitoes  were  imme- 
diately passed  through  cotton  or  were  centrif ugalized,  to  remove 
skeletal  structures ;  and  were  then  filtered  through  either  Han- 
dler or  Berkef eld  candles  at  a  negative  pressure  of  from  300  to 
600  millimeters.  The  filters,  which  were  examined  for  defects 
and  tested  to  determine  the  pressure  necessary  to  produce  bub- 
bles immediately  after  immersion  in  water,  were  found  to  differ 
considerably  in  resistance.  Filtration  of  the  mosquito  suspen- 
sions required  from  ten  to  forty-five  minutes.  In  every  instance 
cultures  showed  the  filtrates  to  be  free  of  Bacillus  pyocyaneus 
and  the  other  culturable  bacteria  normally  present  in  the  mos- 
quitoes. 

(e)  Test  for  dengue  virus  in  the  filtrates. — The  various  mos- 
quito filtrates  were  tested  for  the  presence  of  dengue  virus  by 
subcutaneous  inoculation  into  susceptible  volunteers,  within  two 
hours  of  the  beginning  of  the  experiments. 

Experiment  1. — April  20,  1929.  Fifty  Aedes  asgypti  of  lot  10  were  se- 
lected for  this  test.  Mosquitoes  of  this  lot  had  ingested  infective  blood 
fifty-two  days  previously  from  an  experimental  case  (A.V.  4-Y)  during 
the  first  day  of  dengne,  and  had  transmitted  dengue  to  volunteer  A.V. 
5~M.  The  mosquitoes  were  killed,  placed  in  a  sterile  porcelain  mortar, 
and  macerated  with  8  cubic  centimeters  of  physiologic  salt  solution.  This 
suspension  was  immediately  passed  through  a  "preliminary"  tyi>e  of  Handler 
filter  (our  No.  1)  at  a  negative  pressure  of  about  600  millimeters.  When 
tested  immediately  afterwards  it  prevented  the  passage  of  a  young  cul- 
ture of  Micrococcus  melitensis.  The  entire  6  cubic  centimeters  of  filtrate 
obtained  was  then  injected  subcutaneously  into  a  susceptible  volunteer 
(A.V.  10-H),  who  after  an  incubation  period  of  eight  days,  developed 
typical  dengue  fever,  as  is  indicated  in  fig.  17.  The  diagnosis  in  this 
case  was  confirmed  by  subsequent  transmission  of  the  virus  through  A. 
sBgypti  of  lot  17  to  another  volunteer  (A.V.  12-^8).  Comment:  In  this 
experiment  dengue  virus  from  a  saline  suspension  of  A,  segypti,  lot  10, 
passed  through  a  "preliminary"  type  of  Handler  filter. 
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Fig.   17.    Experimental  dengue   in   American  volunteer  10. 

The  positive  results  obtained  in  the  first  experiment  suggested 
the  possibility  that  suspensions  of  dengue  virus  from  infected 
mosquitoes  might  be  consistently  filtered.  Consequently,  ex- 
periments were  planned  in  an  attempt  to  determine  (a)  whether 
or  not  the  virus  in  A.  segypti  is  filterable  and  infective  prior  to 
the  time  when  the  mosquito  is  capable  of  transmitting  the  dis- 
ease, and  (&)  whether  or  not  the  virus  of  dengue  might  not  be 
developed  and  be  demonstrable  in  the  tissues  of  Culex  quinque- 
fdsciatits  even  though  mosquitoes  of  this  species  should  be  unable 
to  transmit  the  infection. 

Filtration  experiments  2,  3,  4,  and  5  were  conducted  with 
groups  of  mosquitoes  from  A.  asgypti  lot  25,  all  of  which  had 
taken  full  feedings  of  infective  blood  from  an  experimental  case 
(A.V.  14-A)  during  the  first  twelve  hours  of  dengue.  At  in- 
tervals of  three,  five,  and  fifteen  days  after  the  ingestion  of  this 
blood,  groups  of  the  mosquitoes  were  killed  and  suspended  in 
salt  solution.  The  filtrates  obtained  were  inoculated  subcuta- 
neously  into  susceptible  volunteers,  while  control  mosquitoes  from 
the  same  groups  were  allowed  to  feed  on  other  volunteers.  The 
infectivity  of  lot  25  was  proved  by  the  fact  that  after  allowing 
the  usual  period  for  development  of  the  virus,  these  mosquitoes 
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fed  on  two  men   (A.V.  21-M  and  A.V.  22~M)   and  produced 
dengue  in  both  instances. 

Experiment  2. — June  29,  1929.  Forty  dengue-infected  A.  segypti  of  lot 
25,  which  had  fed  on  infected  dengue  blood  only  three  days  previously,  were 
ground  in  a  mortar  with  sterile  sand  and  suspended  in  8  cubic  centime- 
ters of  physiologic  salt  solution.  After  filtration  through  a  wisp  of  cotton 
to  remove  the  gross  particles,  this  material  was  passed  at  a  negative 
pressure  of  about  400  millimeters  through  a  "preliminary"  type  of  Handler 
filter  (our  No.  10)  which  allowed  air  to  bubble  at  about  4.4  pounds.  Be- 
cause of  an  accidental  exposure  of  the  material  to  possible  bacterial  con- 
tamination, it  was  filtered  a  second  time.  Five  cubic  centimeters  of  filtrate 
was  obtained  and  3  cubic  centimeters  of  this  was  immediately  injected  sub- 
cutaneously  into  a  susceptible  volunteer  (A.V.  20-B).  Dengue  did  not 
result  from  this  inoculation.  Comment:  As  was  to  be  expected,  the  control 
**biting"  experiment  with  thirteen  other  "3-day"  mosquitoes  of  this  lot  was 
negative,  although  dengue  virus  was  known  to  have  been  present.  There- 
fore, it  seemed  probable  that  failure  of  this  filtration  experiment  might  have 
been  due  to  the  fact  that  three  days  after  feeding  on  infected  blood  the 
virus  in  the  mosquitoes  was  not  in  a  filterable  stage,  or  that  it  was  present 
in  such  small  amounts  as  to  be  absorbed  and  retained  in  the  filter,  ox  that 
the  technical  procedure  used  and  the  double  filtration  might  have  prevented 
the  passage  of  dengue  virus  regardless  of  its  amount  and  source. 

Experiment  3. — July  1,  1929.  Forty  dengue-infected  A.  segypti  of  lot  25, 
which  had  ingested  dengue  blood  five  days  previously y  were  ground  up  in  a 
mortar  with  sterile  sand  and  suspended  in  6  cubic  centimeters  of  physiologic 
salt  solution.  Filtration  was  carried  out  as  in  experiment  2,  at  a  negative 
pressure  of  about  600  millimeters,  through  a  "preliminary"  type  of  Handler 
filter  (our  No.  10),  but  the  material  was  filtered  only  once.  Three  cubic 
centimeters  of  the  filtrate  was  injected  subcutaneously  into  a  volunteer 
(A.V.  23-B),  but  failed  to  produce  dengue.  Feeding  experiments  with 
sixty-one  additional  *^5-day"  mosquitoes  of  the  same  lot  also  gave  negative 
results.  Comment:  In  this  experiment  the  saline  suspension  was  passed 
through  the  filter  only  once,  rendering  it  improbable  that  double  filtration 
was  the  only  factor  responsible  for  the  negative  result  obtained  in  experi- 
ment 2. 

Experiment  h^ — July  11,  1929.  One  hundred  fifty  infective  A,  segypti  of 
lot  25  were  used.  These  mosquitoes,  which  had  ingested  infective  blood 
fifteen  days  previously,  were  proved  to  be  infective,  as  they  transmitted 
dengue  by  feeding  to  two  susceptible  volunteers  (A.V.  21-H  and  A.V. 
22-H).  The  one  hundred  fifty  mosquitoes  were  ground  in  a  mortar 
with  sterile  sand  and  suspended  in  10  cubic  centimeters  of  physiologic  salt 
Solution.  This  was  divided  into  three  portions  of  4,  4,  and  2  cubic  centi- 
meters, respectively,  and  one  of  the  4  cubic  centimeter  portions  was  used 
in  this  experiment.  After  adding  2  cubic  centimeters  of  physiologic  salt 
solution,  the  suspension,  which  represented  sixty  infected  mosquitoes,  was 
passed  at  a  negative  pressure  of  about  600  millimeters  through  a  "prelim- 
inary" type  of  Handler  filter  (our  No.  10)  which  allowed  air  to  bubble 
through  at  4.4  pounds  positive  pressure.  One  cubic  centimeter  amounts  of 
this  filtrate  were  injected  subcutaneously  into  each  of  two  susceptible  vol- 
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unteers  (A.V.  20-B  and  A.V.  23-B),  but  in  both  instances  dengue  failed 
to  develop.  Comment:  In  this  experiment  a  saline  suspension  of  virulent 
dengue  virus  from  infective  A,  segypti  failed  to  pass  through  a  "prelim- 
inary" type  of  Handler  filter.  Therefore,  it  appeared  probable  that  the 
negative  results  in  experiments  2  and  3  were  due  to  differences  in  technic 
or  in  the  porosity  of  the  filter  candles,  rather  than  to  any  variation  in  the 
filterability  of  the  virus  at  different  stages  in  the  mosquito. 

Experiment  5. — July  11,  1929.  The  2  cubic  centimeter  portion  of  the 
suspension  of  A.  aegypti,  lot  25,  mentioned  under  experiment  4,  was  diluted 
with  1  cubic  centimeter  of  salt  solution  and  passed  at  a  negative  pressure 
of  about  600  millimeters  through  a  coarse  Berkefeld  filter  (our  No.  3), 
which  when  tested  later  allowed  air  to  bubble  through  at  6.8  pounds  positive 
pressure.  One  cubic  centimeter  amounts  of  the  bacteria-free  filtrate  were 
immediately  injected  subcutaneously  into  each  of  two  susceptible  volunteers 
(A.V.  24-H  and  A.V.  25-D),  but  in  both  instances  they  failed  to  produce 
dengue.  Comment:  In  this  experiment  a  saline  suspension  of  virulent 
dengue  virus  from  infective  A.  ssgypti  failed  to  pass  through  a  coarse 
Berkefeld  filter. 

Experiment  6. — July  20,  1929.  Twenty-four  A.  aegypti  of  lot  25,  which 
had  ingested  dengue  blood  twenty-four  days  previously,  and  had  been  proved 
infective  by  feeding  experiments,  were  combined  with  six  other  A.  aegypti 
from  infected  lots  19  and  22  and  suspended  in  5  cubic  centimeters  of  phy- 
siologic salt  solution.  Half  of  this  mosquito  suspension  was  passed  at  a 
negative  pressure  of  600  millimeters,  through  a  "preliminary"  type  of 
Handler  filter  (our  No.  7),  which  when  soaked  in  distilled  water  and  tested 
immediately  after  use  allowed  air  to  bubble  through  at  about  3.8  pounds 
positive  pressure.  Two  and  three-tenths  cubic  centimeters  of  the  bacteria- 
free  filtrate  were  injected  subcutaneously  into  a  susceptible  volunteer  (A.V. 
20-B) ;  and  failed  to  cause  dengue.  Comment:  The  virus  in  a  saline  sus- 
pension of  mosquitoes  failed  to  pass  through  a  Handler  filter  (our  No.  7). 

Experiment  7, — July  20,  1929.  The  remaining  2.5  cubic  centimeter 
I)ortion  of  saline  suspension  of  dengue-infected  A,  aegypti,  mentioned  under 
experiment  6,  was  passed  at  a  negative  pressure  of  600  millimeters  through 
a'  "preliminary"  type  of  Handler  filter  (our  No.  8).  This  filter,  when 
tested  after*  immersion  in  distilled  water  July  13,  allowed  air  to  bubble 
through  at  a  positive  pressure  of  6.4  pounds.  The  bacteria-free  filtrate 
was  injected  subcutaneously  into  a  susceptible  volunteer  (A.V.  23-B)  and 
did  not  cause  dengue.  Comment:  The  infective  virus  in  this  saline  sus- 
pension of  mosquitoes  failed  to  pass  through  a  Handler  filter  (our  No.  8). 

Experiment  5.~^uly  29,  1929.  Thirteen  dengue-infected  A.  aegypti  of 
lot  25,  which  Imd  ingested  dengue  blood  thirty-three  days  previously,  were 
combined  vdth  nineteen  infected  A.  aegypti  of  lot  30  and  eighteen  of  lot  32 
and  were  suspended  in  about  10  cubic  centimeters  of  salt  solution.  The 
material  from  the  suspension  of  these  fifty  mosquitoes  was  passed  at  400 
millimeters  of  vacuum  through  a  preliminary  Handler  filter  (our  No.  7). 
About  6  cubic  centimeters  of  bacteria-free  filtrate  was  obtained  and  4 
cubic  centimeters  of  this  was  injected  subcutaneously  into  a  susceptible 
volunteer  (A.V.  27-P),  but  dengue  did  not  result.  Comment:  In  this  ex- 
periment infective  virus  failed  to  pass  through  a  preliminary  Handler  filter. 

Two  other  lots  of  mosquitoes,  A.  albopictus  lot  29,  and  A.  aegypti  lot  30, 
were  used  later  in  filtration  experiments  9  and  10.    These  mosquitoes  had 
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ingested  blood  from  an  experimental  case  (A.V.  22-M)  July  16,  during  the 
latter  half  of  the  first  day  of  the  disease.  Both  of  these  lots  of  mosquitoes 
transmitted  dengue  later  when  numbers  of  them  were  fed  on  susceptible 
volunteers. 

Experiment  9, — July  21, 1929.  Fifteen  A.  albopicttts  of  lot  29,  which  had 
fed  on  infective  dengue  blood  five  days  previotisly,  were  macerated  with 
sterile  sand  and  1.5  cubic  centimeters  of  salt  solution.  The  suspension 
was  filtered  at  a  negative  pressure  of  about  600  millimeters  through  a 
regular  Handler  filter  (our  No.  9),  which  when  tested  July  12  had  allowed 
air  to  bubble  through  at  a  positive  pressure  of  6.4  pounds.  Half  of  the 
bacteria-free  filtrate  (0.75  cubic  centimeter)  was  immediately  injected  sub- 
cutaneously  into  a  susceptible  volunteer  (A.V.  27-P)  with  negative  results. 
Comment:  ^This  Handler  filtrate  did  not  contain  virulent  dengue  virus. 

Experiment  10. — July  21,  1929.  Seven  A.  segypU  of  lot  30,  which  had 
fed  on  infective  dengue  blood  five  days  previously,  were  macerated  with  sand 
and  3  cubic  centimeters  of  salt  solution.  This  suspension  was  filtered  at 
a  negative  pressure  of  about  600  millimeters  through  a  "preliminary"  grade 
of  Handler  filter  (our  No.  7).  One  and  one-half  cubic  centimeters  of  the 
bacteria-free  filtrate  were  injected  subcutaneously  into  a  susceptible  vol- 
unteer (A.V.  25-D),  with  negative  results.  Comment:  This  Handler  fil- 
trate did  not  contain  infective  dengue  virus. 

In  experiments  11  and  12  the  mosquitoes  used  were  Culex  quinquefas- 
ciatus  of  lot  31,  and  Aedes  segypti  of  lot  32.  Both  had  ingested  dengue- 
infected  blood  from  the  same  experimental  case  (A.V.  21-H)  during  the 
first  day  of  the  disease.  Lot  32  A.  segypti  were  later  proved  to  be  infected, 
as  they  were  able  to  transmit  the  disease  to  a  susceptible  volunteer  by 
feeding. 

Experiment  11. — July  20,  1929.  Twenty-five  C.  quinquefasciatus  of  lot 
31,  which  had  ingested  infective  blood  four  days  previously,  were  killed, 
macerated  with  sterile  sand,  and  suspended  in  4  cubic  centimeters  of  phys- 
iologic salt  solution.  The  mosquito  suspension  was  filtered  at  about  600 
millimeters  negative  pressure  through  a  "regular"  type  of  Handler  filter 
(our  No.  12),  which  when  tested  on  the  same  day  allowed  air  to  bubble 
through  at  Q.Q  pounds  positive  pressure.  Three  cubic  centimeters  of  the 
bacteria-free  filtrate  was  injected  subcutaneously  into  a  susceptible  vol- 
unteer (A.V.  28-P)  with  negative  results.  Comment:  The  fact  that  this 
filtrate  was  free  from  infective  dengue  virus  does  not  prove  that  the  C. 
quinquefasciatus  of  lot  31  did  not  harbor  the  virus,  as  filtrates  from  A. 
ssgypti  known  to  be  infected  were  also  free  from  virus  in  several  instances. 

Experiment  12. — August  17,  1929.  One  hundred  infective  A.  ssgypti  of 
lot  32,  which  thirty-one  days  previously  had  fed  on  dengue  blood  similar  to 
that  ingested  by  C.  quinquefasciatus  lot  31,  were  killed,  freed  of  wings  and 
legs,  and  ground  in  a  sterile  glazed  porcelain  evaporating  dish  with  4  cubic 
centimeters  of  hormone  broth.  The  suspension  was  centrifugalized  at  low 
speed  for  five  minutes  to  remove  gross  particles  and  was  divided  into  two 
portions  of  2  cubic  centimeters  each.  One  of  these  portions  was  passed  at 
about  300  millimeters  negative  pressure,  through  a  "preliminary"  type  of 
Handler  filter  (our  No.  7) ,  after  the  filter  had  been  saturated  by  drawing 
hormone  broth  through  it.  About  5  cubic  centimeters  of  filtrate  was  ob- 
tained, and  half  of  this  (2.5  cubic  centimeters)  was  inoculated  subcutane- 
ously into  a  susceptible  volunteer  (A.V.  30-L),  but  the  injection  failed  to 
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produce  denguej    Comment:  The  use  of  hormone  broth  in  this  experiment 
did  not  make  it  possible  to  pass  the  virus  through  the  filter. 

Experiment  13, — August  17,  1929.  The  other  2  cubic  centimeter  portion 
of  the  mosquito  suspension  in  hormone  broth,  described  under  experiment 
12,  was  passed,  at  about  300  millimeters  negative  pressure,  through  a  Ber- 
kefeld  "V"  filter  (our  No.  19),  which  after  immersion  in  water  allowed  air 
to  bubble  at  about  9.3  pounds  positive  pressure.  The  2  cubic  centimeters 
of  mosquito  suspension  was  added,  a  drop  at  a  time,  to  the  top  of  the 
candle,  and  as  none  of  it  came  through  the  filter  in  fifteen  minutes,  an 
additional  3  cubic  centimeters  of  hormone  broth  was  added  in  an  attempt 
to  wash  the  virus  through.  As  a  result  2  cubic  centimeters  of  bacteria-free 
filtrate  was  obtained,  of  which  1.5  cubic  centimeters  was  immediately  inoc- 
ulated subcutaneously  into  a  susceptible  volunteer  (A.V.  29-^).  After  an 
incubation  period  of  nine  and  one-fourth  days  this  volunteer  developed 
symptoms  of  typical  dengue  fever.  The  specific  nature  of  the  infection  was 
further  proved  by  subsequent  passage  of  the  virus  through  A,  segypti  lot 
49  to  another  volunteer  (A.V.  33--B).  Conclusions:  In  this  experiment 
dengue  virus  from  the  hormone-broth  suspension  of  A.  segypti  lot  32  passed 
through  a  "V"  (coarse)  type  of  Berkefeld  filter. 
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Fig.  18.    E-xperimental  dengue  in   American  volunteer  29. 
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Experiment  H, — November  29,  1929.  Fifty  dengue-infected  A.  asgypti 
of  lot  95,  which  thirty-three  days  previously  had  ingested  dengue  blood 
from  an  experimental  case  (A.V,  48-H),  were  killed,  ground  up,  and  sus- 
pended in  4  cubic  centimeters  of  hormone  broth.  The  material  was  passed 
at  600  millimeters  negative  pressure  through  a  "regular"  type  of  Handler 
filter  (our  No.  23)  in  ten  minutes.  One  cubic  centimeter  of  the  bacteria- 
free  filtrate  was  injected  subcutaneously  into  a  susceptible  volunteer  (A.V. 
64-C).     Dengue  did  not  result  from  this  inoculation. 

Experiment  15, — November  30,  1929.  Fifty  infected  A.  segypti  of  lot 
104,  which  twenty-nine  days  previously  had  fed  on  blood  from  an  experi- 
mental case  (A.V.  55-S)  during  the  first  day  of  dengue  and  had  later 
transmitted  dengue  by  biting,  were  killed,  ground  up  with  powdered  pyrex 
glass,  and  suspended  in  2  cubic  centimeters  of  hormone  broth.  The  sus- 
pension was  centrifugalized  slowly  for  one  minute  and  the  supernatant 
fluid  was  passed  at  600  millimeters  negative  pressure  through  a  Berkefeld 
W  filter  (our  No.  20)  which  allowed  air  to  bubble  at  12.4  pounds  pressure. 
After  about  thirty  minutes  an  additional  1  cubic  centimeter  of  hormone 
broth  was  passed  through  the  filter.  The  entire  time  of  filtration  was 
forty-five  minutes  and  the  total  amount  of  filtrate  1.5  cubic  centimeters. 
Injection  of  1  cubic  centimeter  of  this  bacteria-free  filtrate  failed  to  produce 
dengue  in  a  volunteer  (A.V.  63--B),  but  as  this  volunteer  was  later  found 
to  be  immune  the  experiment  has  no  significance. 

Experiment  16. — March  14,  1930.  Thirty-one  dengue-infected  A,  segypti 
of  lot  168  and  sixty-nine  of  lot  167  were  killed,  ground  up  with  powdered 
pyrex  glass,  and  suspended  in  5  cubic  centimeters  of  physiologic  salt  solu- 
tion. The  suspension  was  placed  in  the  mantle  of  a  Berkefeld  V  filter 
(our  No.  19)  which  allowed  air  to  bubble  through  at  9.3  pounds  pressure, 
and  suction  (600  millimeters)  was  applied  for  five  minutes.  Then  3  cubic 
centimeters  of  salt  solution  was  added  and  about  1.5  cubic  centimeters  of 
filtrate  was  obtained  in  five  minutes.  One  cubic  centimeter  of  the  bac- 
teria-free filtrate  was  injected  subcutaneously  into  a  susceptible  volunteer 
(A.V.  87-R).  After  nine  and  one-quarter  days  incubation,  dengue  de- 
veloped from  this  inoculation,  as  shown  in  fig.  19.  Comment:  Dengue  virus 
from  this  saline  suspension  of  A,  segypti  passed  through  a  Berkefeld  V 
filter. 

DISCUSSION 

It  has  been  shown  by  these  experiments  that  the  virus  of 
dengue  as  it  exists  in  infective  mosquitoes  may,  under  certain 
circumstances,  be  passed  through  diatomaceous  earth  filters. 
However,  as  has  been  observed  by  others  in  filtration  experi- 
ments with  the  blood  of  dengue  patients  and  with  materials  con- 
taining other  "filterable''  viruses,  such  positive  results  were  not 
obtained  in  all  tests. 

Because  of  the  many  variable  factors  which  might  have  in- 
fluenced the  results,  it  was  not  possible  to  determine  with  exact- 
ness just  what  combination  of  conditions  are  necessary  to  ensure 


108 


EXPERIMENTAL  STUDIES  OP  DENGUE 


■S.S.S  =" 


^ 

i 

>> 

eS 

•o 

-d 

13 

'o 

O) 

00 

Oi 

c 

.s 

^    0- 

1 

© 

:3 

a 

«!>     ? 

o 

o  o 

O 

c5    d 

O 

o 

o 

2   2 

o 

1 

>• 

> 

bO 

S3   -^ 

Q 

QQ 

P 

p  p 

P 

P 

p 

P  P 

p 

4J 

c4 

c« 

§ 

§? 

^ 

g 

p  :z; 

P 

:z; 

:z; 

P 

CO 

la 

iO 

in 

lO 

O^O    CO 

eo 

T-lr-l 

'-' 

r-l     M 

^ 

-"* 

o 

tH     CO 

N 

^ 

'-' 

iH 

T-l 

I   5 


rt  03  A  ?!tJ 
Sfl  2  S  g 


S  >H  ID  J) 


au-Oi^-43 

<j    O    CQ   OS 


1 1 


fe  s  _ 


:^  :^ 


00  CO  lO   U3 

rM  CO  U5  N  N  iH   iH 


O  »0  O  in  >0  O  U3 
C<1  tH  N  tH  .Ca  iH  rf 


O  O  O  O  O  O  O 
O  O  O  O  O  O  O 
;D     ?0     to     CO    CO     «0     «D 


3        'B 


e    ^  a  -3  s : 


a     &  a    >     M   ^ 


Q)    Q)    <u  tr 


;H     CO     N        iH 


;z;  iz;  ;z:  :z: 


iz; 
13 


a>    o    o   .<u 


fS    M     a    M 


CO    C<l    '<l«    N 


^  C  5t3 


'.2o 


CO   lo     w     "3   ^t>co  ^t>co   cocoN   "5   "3   ^   !;J   ;^   2   S   SJ^ 

cu     lo       ira       uj     o^io^     N<X><X>    COt-ItH  CO     CO     CO     N     CM  tH 


•3 


W 

w" 


00  OSOr-(COCO"^U5        «D 

tH     rH     iH     iH     tH     iH        iH 


^gl 


(1) 

o 

'-) 

43 

n- 

^ 

S 

•^ 

a 

4) 

? 

o 

5 

ti 

■s 

% 

fc 

15 

-p 

^ 

c 

)U 

C3 

•Y1 

^ 

V3 

is 

^ 

-§ 

S2 

■% 

eo 

^ 

c 

O 

OJ 

o 

s 

If 

ii 

O 

:S 

S 

s 

•o 

^ 

(U 

CO 

^a 

C 

bo 

0) 

S:S 

R 

^ 

+> 

ii 

iS 

al 

Pi 

i3 

0) 

•Tt 

-d 

s.s  gs 


0)    o    M 


I 


FILTERABILITY  OF  VIRUS 


109 


EXPEraNEOTALl)ENOlJEA.V87R0BERTSjaiTHUB                                   1 

lJ 
X 

?     '05 
5     '03 

1     '01 

PRELIMINARY 
OBSERVATION  PERIOD 

lnfectiou5material-l-cx.offilcrcitc  from  Berkefeld  filter T(0urNol9)  Iniected  5ub<|.Marchl4 

n 
105  1 

103  i 

lO'i 
n 
99 

97 

INCUBATION                1              DENGUE  FEVER 

CH 

-L 

JO" 

9  1  10 

JL 

JL 

13 

4    |5 

1^ 

|7 

1? 

19 

20 

21 

?? 

23 

^ 

2? 

ile 

27 

29 

29 

?P 

?\ 

APR 
,  1 

2 

i 

A 

fe 
g 

1 

/ 

^ 

I 

(^ 

S 

/ 

I 

^/ 

'▼' 

v^ 

97 

\ 

^ 

^ 

*S 

^^ 

A 

A 

j^4 

'^^ 

^^ 

y 

A 

/^ 

/> 

/^ 

J^ 

/ 

v 

A 

r\ 

r" 

■ 

w  * 

-     ■ 

' ' 

"""  ' 

n  a—M 

10000 
9000 
8000 

iOOOO 

TOT 

\L 



.  _ 

_  . 





_J 

\ 

A 

♦/ 

'  \ 

*i  ^ 

.** 

V 

• 

►• 

7000 
6000  1 
5000  9. 

■«♦- 

\ 

j 

A 

L\ 

'. 

o  500'' 

^    /lAno 

NE 

ITR( 

PHI 

ES 

_ 



_     



►  •v 

J 
/ 

\ 

•» 

< 
4000  "^ 

-J    3000 

LYr 

1PH( 

KYI 

^5 

h— 

—  - 

'\ 

\y 

A 

c 

A 

' 

^^ 

L% 

.1 

1^ 

\ 

^ 

3000 

\ 

^ 

%#' 

i 

y 

y^ 

2000 

1000 

0 

2000 

V 

/- 

^ 

S> 

O 

>^ 

':/ 

/-' 

MO 

JOC\ 

TEd 





— 

... 

-... 

-.^ 

t-rv. 

, 

^r 

-•-. 

iS 

"i", 

— 

*^ 

- 

ilNOl 

HIIL 

— 

{lR 

?iTAr 

ON^^ 

U.f 

fef 

irY-: 

■^ 

T^ 

iV 

•*6 

10000 
1    1000 

1 

t     100 
10 

— 

:=_ 

— - 

;— - 

— 

— 

h= 

h= 

— 

10000 

1 

1000  1 

I 

o 

to 

— 

— 

1 



— J 

— 



— 

— 

— 





' 

— 

'jC 

jME 

NTI 

[)it 

>►•„ 

*'*, 

^•« 

■«« 

r«»' 

*♦, 

f** 

^ 

'N 

j^ 

y 

■^ 

^ 

^ 

w^ 

3t= 

= 

P=" 

^ 

^ 

1^ 

= 

^ 

^ 

^ 

^ 

55= 

s 

'■■ 

,    4 

^** 

^♦, 

'*, 

A 

^ 

HJN 

£:!z 

— - 



^__ 

J 

/* 

:^ 

==i< 

^ 

■^ 

!^ 

\^ 

[•^' 

^ 

U 

= 

zzz: 

nr 

=: 

m 

=: 

=n 

= 

= 

^ 

P*? 

zr= 

m: 

r:= 

:n: 

=^ 

. 

__ 

__  _ 

^^ 

_^ 

__ 

■^ 

n^ 

^^ 

Fig.   19.    Experimental  dengue  in  American  volunteer  87. 


filtration  of  the  virus  at  all  times.  It  will  be  noted  in  Table  8 
that  in  the  three  successful  filtration  experiments  the  conditions 
were  as  follows :  (a)  In  the  first  test  fifty  mosquitoes  which  had 
been  infected  for  fifty-two  days  were  suspended  in  8  cubic  centi- 
meters of  salt  solution,  passed  at  600  millimeters  through  a 
Handler  filter,  and  6  cubic  centimeters  of  this  filtrate  was  inoc- 
ulated into  the  volunteer;  (6)  in  the  second,  fifty  mosquitoes 
were  suspended  in  2  cubic  centimeters  of  hormone  broth,  passed 
at  300  millimeters  through  a  Berkefeld  "V"  filter  and  washed 
through  by  adding  3  cubic  centimeters  more  broth,  arid  then 
1.5  cubic  centimeters  of  the  2  cubic  centimeters  of  filtrate  was 
injected  into  the  volunteer;  while  (c)  in  the  third  test,  one  hun- 
dred mosquitoes  suspended  in  5  cubic  centimeters  of  salt  solution 
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were  passed  through  a  Berkefeld  "V"  filter  with  an  additional 
3  cubic  centimeters  of  salt  solution  and  1  cubic  centimeter  of  the 
filtrate  was  used  for  the  inoculation  of  the  volunteer.  Since  the 
type  of  these  filters,  the  negative  pressure  applied,  the  reactions, 
and  the  materials  used  in  preparing  the  mosquito  suspensions 
were  duplicated  in  negative  experiments,  it  appears  possible  that 
the  most  important  factor  was  the  relative  amounts  of  virus 
present  in  the  suspensions.  It  is  believed  that  in  the  negative 
experiments  the  suspensions  contained  such  small  amounts  of 
virus  that  they  were  adsorbed  and  held  in  the  candles,  and  that 
the  use  of  larger  amounts  of  virus  might  have  given  positive  re- 
sults. In  the  three  successful  tests  the  concentration  of  virus 
was  probably  greater  because  of  the  larger  amounts  of  mosquito 
suspensions  used.  In  this  connection  it  appears  of  some  signi- 
ficance that  in  the  three  volunteers  infected  by  these  filtrates, 
the  incubation  periods  were  eight,  nine  and  one-fourth,  and  nine 
and  one-fourth  days,  respectively,  or  longer  than  the  average. 
It  seems  reasonable  to  suspect  that  this  prolongation  of  the  period 
of  incubation  might  have  resulted  because  small  amounts  of  virus 
were  present  in  the  filtrates  injected. 

Note. — It  is  of  interest  to  add  that  since  the  first  of  these 
successful  experiments  was  reported  (4)  an  article  has  been 
published  by  Sawyer  and  Frobisher(5)  announcing  the  fact  that 
the  virus  of  yellow  fever  in  infected  AMes  mosquitoes  is  fil- 
terable. 

SUMMARY  AND  CONCLUSIONS 

1.  Sixteen  filtration  experiments  are  reported,  in  which  at- 
tempts were  made  to  pass  dengue  virus  from  suspensions  of 
infected  mosquitoes  through  various  types  of  diatomaceous  earth 
filters. 

2.  The  variable  results  obtained  in  these  experiments  agree 
in  general  with  the  observation  of  others  concerning  the  filter- 
ability  of  dengue  virus  in  blood. 

3.  In  three  experiments,  one  with  a  Handler  filter  and  two 
with  Berkefeld  "V"  filters,  infective  virus  was  shown  to  be 
present  in  the  filtrates. 

4.  The  inoculation  of  these  three  filtrates  into  volunteers  re- 
sulted in  dengue  fever  after  incubation  periods  of  eight,  nine 
and  one-fourth,  and  nine  and  one-fourth  days,  respectively. 
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EXPERIMENTAL  DENGUE  IN  MAN 

It  is  commonly  believed  that  many  of  the  fevers  of  the  Tropics 
masquerade  under  the  diagnostic  term  "dengue."  This  state  of 
confusion  is  attributable  mainly  to  the  lack  of  any  specific  diag- 
nostic test  with  which  to  differentiate  dengue  from  similar  or 
related  fevers  of  undetermined  origin.  For  this  reason  it  is 
at  least  possible  that  studies  based  only  on  the  clinical  signs  and 
symptoms  observed  in  naturally  acquired  infections  might  fail 
to  indicate  the  true  clinical  picture  of  dengue. 

The  following  analysis  of  clinical  symptoms  observed  in  over 
eighty  cases  of  experimental  dengue  is  considered  of  interest  and 
value  mainly  because  of  the  fact  that  they  were  all  produced  by 
a  single  strain  of  dengue  virus.  While  the  possibility,  of  course, 
exists  that  more  than  one  type  of  denguelike  virus  may  exist 
in  nature,  the  fact  that  93  per  cent  of  thirty-three  Filipinos 
residing  in  endemic  areas  were  shown  to  be  immune  to  experi- 
mental infection,  indicates  that  the  virus  used  in  this  work  is 
probably  immunologically  similar  to  or  identical  with  the  dengue 
virus  prevalent  in  the  Philippines. 

The  diagnosis  of  experimental  infections  produced  by  this  virus 
was  confirmed  by  the  appearance  of  distinctive  symptoms,  typical 
leukocyte  reactions,  and  in  the  majority  of  instances  by  subse- 
quent transmission  of  the  infection  through  mosquitoes  to  other 
individuals.  It  is  of  interest  to  note  that  even  with  this  single 
strain  of  virus,  wide  variations  occurred  in  the  character  and 
severity  of  the  disease. 

It  was  considered  possible  that  these  variations  might  have 
resulted  either  from  differences  in  the  amounts  of  virus  intro- 
duced into  the  volunteers ;  from  changes  in  the  virulence  of  the 
virus  due  to  the  various  experimental  procedures  or  passages; 
or  from  individual  differences  in  the  susceptibility  of  the  volun- 
teers infected.  It  was  apparent  that  the  latter  factor  alone  was 
of  great  importance.  As  infections  produced  in  May,  1930, 
did  not  differ  noticeably  from  others  caused  by  the  same  strain 
of  virus  a  year  and  a  half  earlier,  it  is  obvious  that  the  virulence 
was  neither  increased  nor  decreased  appreciably.  The  fact  that 
112 


EXPERIMENTAL  DENGUE  IN  MAN  118 

infections  similar  in  type  and  severity  were  caused  by  the  feeding 
of  either  small  or  large  groups  of  infected  mosquitoes  (Table  9) 
indicates  that  within  these  limits,  the  dose  of  virus  failed  to 
influence  the  character  of  the  symptoms.  However,  it  was  noted 
in  certain  filtration  experiments,  and  in  others  where  virus  was 
transferred  by  the  interrupted  feeding  of  mosquitoes  that  the 
incubation  periods  were  slightly  prolonged.  It  was  considered 
probable  that  this  was  due  to  the  introduction  of  minute  amounts 
of  virus  into  the  volunteers. 

Therefore,  it  is  believed  that  the  clinical  variations  observed 
in  the  entire  group  of  experimental  cases  were  due  mainly  to  dif- 
ferences in  individual  susceptibility  of  the  volunteers  to  dengue. 

THE  PERIOD  OP  INCUBATION 

It  has  been  estimated  that  the  period  required  for  the  incuba- 
tion of  dengue  virus  in  man  is  from  tWo  to  ten  days,  but  Arm- 
strong (2)  states  that  it  is  usually  from  three  to  six  days.  Cle- 
land(3)  (1923)  is  of  the  opinion  that  "the  incubation  period  of 
the  natural  disease  may  be  set  down  as  being  usually  from  3  to 
8  days,  with  outside  limits  of  2^  and  15  days.  Such  an  incuba- 
tion period  is  consistent  with  clinical  experience.  Instances  in 
which  the  time  appears  to  have  been  less  than  2  days  can  prob- 
ably all  be  explained  in  some  other  way."  He  reported  an 
incubation  period  of  fifteen  days  in  one  volunteer  who  was  inoc- 
ulated with  blood  drawn  from  a  case  in  the  fourth  day  of  the 
disease.  Siler,  Hall,  and  Hitchens,(l)  (1926)  from  an  analysis 
of  their  experimentally  infected  cases,  arrived  at  the  following 
conclusions : 

The  average  incubation  period  in  our  series  was  six  and  one-twentieth 
days;  in  25  per  cent  it  was  less  than  five  days;  in  60  i^er  cent,  less  than  six 
days;  in  75  per  cent,  less  than  seven  days;  and  in  90  per  cent,  less  than 
eight  days.  Incubation  periods  of  more  than  ten  days  must  be  very  rare 
in  naturally  acquired  cases. 

The  results  obtained  in  the  present  series,  shown  in  Table  10, 
give  an  average  incubation  period  of  5.66  days,  with  83.75  per 
cent  of  eighty  infections  occurring  between  the  fourth  and 
seventh  days  after  inoculation.  The  maximum  period  observed 
was  between  eleven  and  thirteen  days;  and  the  minimum  was 
between  three  and  four  days.  However,  it  is  to  be  noted  that 
only  one  case  occurred  in  each  of  the  latter  groups,  and  that  the 
infection  with  the  prolonged  incubation  period  was  the  result  of 
interrupted  feeding  of  Culex  quinquefasdatiis. 

269452 8 
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Table  10. — The  incubation  periods  in  experimental  dengue  fever  observed 

in  eighty  cases. 


Days  of  incubation. « 

Cases. 

Per  cent. 

3-4_._ 

1 
15 
36 
16 

5 

2 
4 

1 

1.25 

18.75 

45.00 

20.00 

6.25 

2.50 

5.00 

1.25 

4-5      -     _ .                   

5-6 

6-7 

7-8      -  . 

8-9 • 

9-10 _                        _     .      _   _ 

11-13 

Total __.   _   

80 

100.00 

'^  Average,   5.66   days   incubation. 

PRODROMAL  SYMPTOMS  AND  ONSET 

In  58  per  cent  of  the  sixty  cases  included  in  fig.  20,  the  onset 
of  the  disease  was  abrupt,  beginning  with  fever  or  severe  head- 
ache, or  more  rarely,  with  a  distinct  chill.  In  a  few  of  the 
remaining  42  per  cent  of  cases  with  gradual  onset,  mild  pro- 
dromal symptoms  such  as  malaise,  weakness,  chilliness,  and  in- 
definite pains  and  aches  were  noticed  for  a  day  or  so  before  the 
definite  attack.  The  symptoms  at  onset  consisted  of  fever, 
headache,  flushing  of  the  face,  aching  of  the  eyes,  pains  in  the 
back  and  extremities,  and  malaise.  Chilly  sensations  or  even 
chills  were  not  uncommon.  In  certain  cases  an  initial  rash  was 
observed.  Leukopenia  was  not  present  until  the  first  or  second 
day  following  the  onset,  although  an  increase  in  the  immature 
with  a  corresponding  decrease  in  the  mature  granulocytes  was 
not  uncommonly  observed  on  the  day  preceding  fever. 


THE  FEVER 

The  results  obtained  experimentally  by  Siler,  Hall,  and  Kit- 
chens, (l)  and  during  the  present  studies,  show  that  the  tem- 
perature reactions  observed  in  dengue  may  differ  so  greatly  in 
type,  height,  and  duration  that  this  symptom  considered  by 
itself  has  no  specific,  diagnostic  significance.  Among  the  exper- 
imental infections  considered  in  this  report  patients  were  seen 
who  had  "two-day  fever,''  "three-day  fever,''  and  so  on,  includ- 
ing a  few  cases  with  "seveh-day  fever."  As  shown  in  Table  11, 
the  duration  of  the  fever  in  eighty-one  experimental  cases  was 
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Fig.  20.    Symptoms   observed  in  experimental  dengue. 


from  one  to  nine  days,  although  in  the  average  case  the  interval 
between  the  beginning  and  end  of  the  fever  was  4.8  days.  There 
was  also  considerable  variation  in  the  maximum  temperatures 
recorded.  In  52  per  cent  the  temperature  was  103°  F.  or  above, 
while  the  highest  temperature  reached  in  48  per  cent  was  102.8'' 
F.  The  so-called  ^'saddle  back"  or  intermittent  type  of  fever, 
which  has  been  considered  as  characteristic  of  dengue,  was  ob- 
served in  certain  cases  but  was  by  no  means  constant.  In  these 
cases  the  interval  of  reduced  fever  coincided  with  a  period  of 
relief  from  the  subjective  symptoms,  while  the  return  of  the 
fever  was  usually  accompanied  by  the  symptoms  noted  in  the 
first  stage  of  the  disease. 
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There  was  no  indication  that  the  fever  varied  in  duration  in 
any  fixed  relation  to  the  incubation  period,  as  has  been  observed 
in  certain  other  diseases.  As  shown  in  Table  13,  cases  with 
both  long  and  short  incubation  periods  had  fevers  of  similar 
duration. 

PROGRESS  OF  THE  DISEASE 

The  subjective  symptoms  of  dengue  lasted  from  one  to  nine 
days,  during  which  the  various  symptoms  noted  at  onset  often 
became  more  pronounced.  Fever,  leukopenia,  headache,  post- 
orbital  pain,  generalized  aches  and  pains  particularly  of  the  back, 
anorexia,  nausea,  dizziness,  abnormal  sense  of  taste,  adenopathy, 
and  terminal  rash  were  the  commonest  symptoms  observed. 
Certain  of  these  symptoms  are  of  sufficient  importance  to  be  con- 
sidered separately. 

Table  11. — Duration  of  fever  in  eighty-one  cases  of  experimental  dengue 

fever. 


Days  of  fever. » 

Cases. 

Per  cent. 

1-2 

2 
3 

10 
16 
37 
11 

1 
1 

2.47 

3.71 

12.35 

19.75 

45.68 

13.58 

1.23 

1.23 

2-3 _._ _ 

3-4 _ 

4-5 

5-6 _ 

6-7 __ . _ 

7-8 __._ 

8-9 _ 

Total.. _ _ _ 

81 

100.00 

»  Average,  4.8  days  fever. 


Table  12. — Maximum  temperature  observed  in  eighty-one  cases  of  experi- 
mental dengue  fever. 


Maximum  temperature. » 

Cases. 

Per  cent. 

100-101...  _ 

Of, 

2 

12 
25 
28 
14 

2.47 
14.82 
30.86 
34.57 
17.28 

101-102 _ ___ 

102-103 _ _ _ 

103-104 . 

104-104.6. _ 

Total.. _ 

81 

100.00 

*  Average  temperature  102.82'*  F. 
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Table  13. — Comparison  of  the  incubation  periods  and  the  duration  of  fever 
in  eighty  cases  of  experimental  dengue. 


Incubation  period. 

Days  of  fever. 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

7-8 

8-9 

Days. 
3-4 .  . 

1 
1 
8 
4 
2 

4-5 

1 

7 
20 

7 

5 
4 
1 

1 

5-6 . 

4 
2 
2 

6-7 

1 

1 

1 

7-8 

8-9  .. 

2 

1 

9-10 _ 

1 

1 

1 

10-11 

11-13__ _     _     . 

1 

Total-- - 

2 

3 

9 

16 

37 

11 

1 

1 

Headache  and  generalized  pains. — ^Beside  the  fever  and  leuko- 
penia, which  were  ndted  in  all  cases,  the  commonest  symptoms 
were  headache,  postorbital  pains,  and  backache,  which  occurred 
in  over  90  per  cent  of  the  sixty  individuals  considered.  More 
than  60  per  cent  complained  of  pains  in  the  limbs  and  45  per 
cent  had  painful  joints.  However,  while  these  symptoms  were 
far  from  mild,  none  of  them  were  severe  enough  to  warrant  ap- 
plication of  the  old  name,  "break-bone  fever." 

Skin  rashes. — There  seems  to  be  a  general  belief  among  clini- 
cians that  the  rash  is  one  of  the  most  chai*acteristic  symptoms 
of  dengue;  and  consequently  the  clinical  diagnosis  frequently 
depends  on  the  presence  or  absence  of  this  sign.  Siler,  Hall,  and 
Hitchens(i)  noted  that  in  only  two,  or  4  per  cent,  of  their  experi- 
mental cases  was  there  failure  to  observe  an  eruption  at  some 
time  during  the  course  of  the  disease.  Six  of  their  cases  had 
an  initial  eruption,  but  no  terminal  rash,  and  in  seven  instances 
the  conditions  were  reversed.  Twenty-three  showed  both  initial 
and  terminal  rashes.  It  was  stated  that  "evidently  the  eruption 
is  a  very  variable  symptom,  requiring  careful  and  frequent  ob- 
servation if  all  of  its  details  are  to  be  noted;  in  some  cases  it 
may  fail  altogether  to  develop." 

In  the  present  study,  the  initial  rash,  usually  an  erythematous 
flush  or  mottling,  was  observed  in  only  38.8  per  cent  of  the  cases 
(Table  14),  and  it  was  frequently  difficult  to  differentiate  this 
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rash  from  other  skin  eruptions,  particularly  the  heat  rashes. 
Some  of  the  primary  rashes  lasted  for  only  a  few  hours,  and  for 
this  reason  it  is  considered  possible  that  a  few  were  not  observed. 
Because  of  the  difficulty  experienced  in  recognizing  the  initial 
rash,  and  because  of  its  evanescent  character,  this  sign  was  not 
considered  of  definite  diagnostic  value.  The  terminal  rash,  which 
was  noted  in  69.5  per  cent  of  the  cases,  was  of  more  importance. 
It  was  usually  of  the  maculopapular  variety,  and  in  a  few  cases 
it  was  followed  by  desquamation  and  in  some  instances  by  itching 
of  the  palms  of  the  hands  and  soles  of  the  feet.  Although  this 
rash  might  be  confused  with  other  skin  eruptions,  its  occurrence 
in  a  febrile  condition,  accompanied  by  characteristic  symptoms 
of  dengue,  including  leukopenia,  is  of  considerable  diagnostic 
significance. 

Glandular  enlargement. — As  indicated  in  fig.  20,  a  large  pro- 
portion of  the  cases  had  enlargement  of  the  cervical  or  inguinal 
lymph  glands.  The  cervical  glands  were  most  frequently  af- 
fected, which  indicates  that  the  location  of  the  infective  mos- 
quito bite  was  probably  not  a  determining  factor,  since  most  of 
the  volunteers  were  bitten  on  the  leg.  In  over  30  per  cent  of  the 
cases  there  was  some  tenderness  in  the  region  of  the  parotid 
glands  and  the  patients  complained  that  their  "jaws  ached.'* 
However,  no  enlargement  of  the  gland  was  noted  and  the  pains 
may  have  originated  in  the  joint.  Two  cases  were  seen  in  Ifugao 
volunteers  of  definite  parotid  involvement,  one  of  whom  had  such 
marked  enlargement  of  the  glands  as  to  suggest  temporarily 
that  he  might  have  mumps.  Five  per  cent  of  the  cases  com- 
plained of  swelling  or  tenderness  of  the  testicles. 

Gastrointestinal  symptoms. — A  large  proportion  of  the  patients 
complained  of  loss  of  appetite,  and  at  least  65  per  cent  had  per- 
versions of  taste  for  various  foods  or  for  cigarette  smoke. 
Nausea  was  also  common,  particularly  early  in  the  disease,  and 
vomiting  occurred  in  20  per  cent  of  the  cases.  Constipation  was 
noted  in  30  per  cent  of  the  infections. 

Genitourinary  system. — In  a  few  cases  a  trace  of  albumin  was 
noted  temporarily  during  the  fever. 

Circulatory  system. — The  pulse  rate  during  the  disease  was 
usually  low  in  proportion  to  the  fever. 

Haemorrhage. — Among  the  Americans  only  one  case  of  dengue 
had  epistaxis;  and  none  had  haemorrhage  from  other  parts  of 
the  body.  On  two  occasions  severe  liose  bleed  was  observed  in 
an  Ifugao  volunteer  during  the  height  of  dengue  fever. 
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The  blood. — ^While  routine'  erythrocyte  counts  were  not  made, 
no  remarkable  change  was  observed  in  the  size,  shape,  color,  or 
Staining  reactions  of  the  red  cells  in  specimens  prepared  daily 
for  differential  leukocyte  counts.  In  two  cases  daily  counts  were 
made  of  the  blood  platelets  throughout  the  periods  of  observa- 
tion, incubation,  and  fever,  but  no  significant  variation  from 
normal  was  observed. 

The  leukopenia  and  other  leukocytic  reactions  associated  with 
dengue  are  considered  to  be  the  most  significant  diagnostic  signs 
of  the  disease.  Leukopenia  was  observed  at  some  time  during 
each  of  the  experimental  infections,  and  after  its  initial  appear- 
ance it  was  progressive,  often  lasting  for  several  days  after  the 
subsidence  of  the  fever.  Because  of  the  great  importance  of 
the  leukocytic  reactions  to  the  clinical  diagnosis  of  dengue,  this 
subject  is  discussed  in  detail  elsewhere  in  this  report;  however, 
it  may  be  stated  here  that  leukopenia,  accompanied  by  the  so- 
called  "shift  to  the  left"  of  the  granulocytes,  with  evidence  of 
degeneration  of  the  mature  granulocytes  was  observed  in  all  of 
the  uncomplicated  cases  of  dengue  considered  in  this  study. 

SUMMARY 

The  analysis  of  the  clinical  aspects  of  dengue  fever,  based 
on  experimental  cases,  the  majority  of  which  were  transmitted 
by  mosquitoes,  may  be  summarized  as  follows: 

The  average  incubation  period  was  5.66  days;  average  dura- 
tion of  fever,  4.8  days;  with  primary  rash,  38.8  per  cent;  with 
secondary  rash,  69.5  per  cent.  Additional  symptoms  commonly 
observed  were  leukopenia,  100  per  cent;  postorbital  pains  and 
backache,  90  per  cent ;  altered  sense  of  taste,  65  per  cent ;  pains 
in  limbs,  60  per  cent;  adenopathy,  47  per  cent;  and  pains  in 
joints,  43  per  cent. 

The  character  of  the  infection  in  eighty-one  cases  may  be 
classified  as  mild,  13.6  per  cent;  average,  70.4  per  cent;  and 
severe,  16  per  cent.  The  onset  was  abrupt,  usually  with  chill 
or  chilliness,  in  58  per  cent  of  sixty  cases  considered. 

It  is  believed  that  passage  of  the  virus  in  series  through  a 
numjber  of  human  beings  and  mosquitoes  did  not  alter  the  viru- 
lence of  the  organism;  that  the  number  of  mosquitoes  used  to 
transmit  dengue  to  man,  within  the  limits  of  one  to  one  hundred 
thirty-nine,  did  not  influence  the  character  of  the  infection ;  that 
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variations  in  the  character  of  the  attacks  noted  were  probably 
due  to  individual  differences  in  the  susceptibility  of  the  volun- 
teers infected. 
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NUMERICAL  AND  MORPHOLOGICAL  ALTERATIONS  OF 
THE  LEUKOCYTES  DURING  DENGUE  FEVER 

It  has  long  been  recognized  that  typical  dengue  fever  in  man 
is  accompanied  by  a  characteristic  decrease  in  the  leukocytes 
of  the  blood.  Attention  was  called  to  the  diagnostic  signiificance 
of  changes  in  the  leukocytes  during  dengue  by  Carpenter  and 
Sutton,  (1)  who,  in  1905,  observed  that  a  leukopenia,  with  a 
normal  differential  leukocytic  count  or  varying  degrees  of  small 
mononuclear  lymphocytosis  and  a  strongly  marked  eosinophilia 
late  in,  the  disease  is  characteristic  of  dengue,  and  that  conva- 
lescence is  almost  invariably  ushered  in  by  a  pronounced  mono- 
nuclear lymphocytosis  which  persists  for  several  days.  These 
observers  found  the  average  total  leukocytic  counts  to  be  about 
3,500,  with  individual  variations  between  a  high  of  5,866  and  a 
low  of  1,866.  Stitt,(2)  in  1907,  who  differentiated  dengue  from 
influenza  and  other  acute  infections  by  means  of  leukocyte 
counts,  observed  that  a  progressive  leukopenia  occurred  in  den- 
gue and  that  the  total  counts  varied  between  5,280  and  1,450. 
From  differential  counts  made  at  different  periods  of  the  disease, 
he  found  that  marked  variations  occurred,  there  being  at  first 
a  large  increase  in  small  lymphocytes  succeeded  by  a  greater 
increase  in  large  lymphocytes  and  finally  by  an  increase  in  large 
mononuclear  cells. 

Ashburn  and  Craig,  (3)  in  1907,  discussed  the  leukopenia  of 
dengue  and  presented  results  obtained  by  Vedder,  who  made  the 
following  remarks  concerning  his  work: 

The  polymorphonuclear  leukocytes  are  greatly  decreased  and  the  small 
lymphocytes  are  greatly  increased,  while  the  large  lymphocytes  are  moder- 
ately increased  during  the  latter  days  of  the  illness.  These  changes  are 
to  a  greater  or  less  degree,  characteristic  of  the  disease  throughout  its 
duration.  The  decrease  in  polymorphonuclears  and  the  increase  in  small 
lymphocytes  takes  place  almost  at  once,  being  very  noticeable  on  the 
second  day  of  illness. 

From  these  and  other  observations  on  experimental  cases, 
Ashburn  and  Craig  concluded  that — 

Dengue  is  characterized  by  a  leukopenia  and  in  the  vast  majority  of 
instances  by  a  decrease  in  the  polymorphonuclear  leukocytes  and  a  marked 
128 
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increase  in  the  small  lymphocjrtes ;  the  increase  in  the  small  lymphocytes 
is  constant  throughout  the  disease. 

Many  later  workers  have  commented  on  the  leukopenia  of 
dengue,  and  several  studies  have  been  made  of  experimentally 
induced  infections.  One  of  the  most  important  of  these  studies 
was  made  by  Siler,  Hall,  and  Kitchens  (4)  (1926)  who  analyzed 
one  hundred  fifty-four  leukocyte  counts  of  blood  specimens  from 
forty-eight  experimental  cases  of  dengue,  or  an  average  of  over 
three  counts  per  case.     Their  conclusions  were  as  follows : 

The  leukocyte  count  is  not  a  dependable  early  symptom,  as  counts  taken 
within  a  few  hours  of  onset  show  great  variation  and  average  about  normal. 
With  the  progress  of  the  disease  the  total  leukocyte  count  is  reduced,  the 
mean  for  the  first  four  days  becoming  progressively  less.  However,  25 
per  cent  of  our  cases  failed  to  show  a  leukopenia  at  any  time  during  the 
course  of  the  disease. 

The  so-called  "reversal"  in  the  differential  count,  the  reduction  of  the 
percentage  of  polynuclear  neutrophiles  and  corresponding  increase  of 
lymphocytes,  is  shown  to  be  a  function  of  the  total  count,  both  in  normal 
and  in  dengue  cases.  Dengue  cases  showing  normal  total  counts  do  not 
show  the  differential  change.  The  differential  count  of  the  white  cells  is 
thus  seen  to  be  of  little  diagnostic  value  in  comparison  with  the  total 
count. 

The  degree  of  leukopenia  appears  to  be  independent  of  the  temperature 
at  the  time  the  count  was  made,  and  also  of  the  severity  of  the  disease 
as  judged  by  the  highest  temperature  reached  during  the  attack,  or  by 
the  duration  of  fever. 

In  1929  there  appeared  a  report  by  Joannides(5)  concerning 
the  morphologic  alterations  in  the  leukocytes  during  dengue, 
which  is  of  considerable  interest  in  connection  with  the  present 
study.  During  the  dengue  pandemic  in  Athens  in  1928,  Joan- 
nides  examined  the  blood  of  patients  on  different  days  of  their 
illness,  using  smear  preparations  fixed  with  alcohol  and  stained 
by  Giemsa's  method.  He  noted  especially  profound  morpholog- 
ical alterations  both  in  the  large  mononuclears  and  the  neutro- 
philic polymorphonuclear  cells. 

PRESENT  INVESTIGATION 

The  following  analysis  of  the  leukocyte  changes  associated  with 
dengue  is  based  on  total  and  differential  leukocyte  counts  made 
on  eighty-one  experimental  American  volunteers.  Through- 
out the  various  investigations  of  dengue  carried  on  by  the 
board,  it  was  a  routine  procedure  to  examine  the  blood  of  each 
volunteer  daily,  in  order  to  make  the  diagnosis  in  the  experi- 
mental infections  more  certain.    In  practically  all  cases  the 
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counts  were  made  at  6.30  a.  m.,  before  breakfast,  and  the  after- 
noon counts  were  usually  made  between  4  and  4.30  p.  m. 

THE  LEUKOCYTES  OF  NORMAL  INDIVIDUALS 

Volunteers  admitted  to  the  hospital  for  the  various  dengue 
experiments  were  generally  observed  for  a  preliminary  period 
of  eight  or  nine  days,  in  order  to  obviate  the  possibility  of 
outside  infections.  In  many  instances  leukocyte  counts  were 
made  daily  throughout  the  preliminary  period  of  normal  obser- 
vation. The  results  of  these  observations,  which  are  summarized 
in  Table  15  and  fig.  21,  furnish  normal  figures  for  comparison 
with  those  obtained  during  and  following  dengue  fever. 

THE  LEUKOCYTES   DURING    SEVEN    DAYS   PRECEDING   THE   ONSET    OF 
DENGUE   FEVER 

As  shown  in  Table  15  and  fig.  21,  the  average  leukocyte  counts 
during  a  period  of  seven  days  prior  to  the  onset  of  dengue 
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Fig.  21.    Average  leukocyte  counts  before,  during:,  and  after  dengue  fever. 
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fever  were  essentially  similar  to  those  noted  in  the  normal  obser- 
vation period,  except  that  on  the  day  preceding  fever  the  average 
figures  indicate  an  alteration  in  the  proportion  of  immature  to 
mature  forms  of  the  granulocytes. 

THE  LEUKOCYTES  DURING   DIFFERENT   DAYS   OF  EXPERIMENTALLY   INDUCED 
DENGUE  FEVER;    TOTAL   NUMBERS  OF    LEUKOCYTES 

In  the  cases  considered  in  Table  15  and  fig.  21,  the  average 
total  leukocyte  counts  were  normal  during  the  first  day  of  the 
fever.  However,  as  will  be  seen  by  reference  to  the  charts  in 
the  Appendix,  in  some  cases  there  was  a  slight  leukopenia  at 
the  beginning  of  the  initial  rise  in  temperature,  while  in  others 
there  was  a  definite  increase  of  short  duration  in  leukocytes. 
In  general,  the  leukopenia  began  on  the  second  day  of  fever  and 
progressed  daily,  reaching  an  average  low  point  of  3,386  in  about 
five  days  after  onset.  Thereafter  the  return  of  the  leukocytes 
to  normal  was  gradual,  and  required  a  period  of  from  three  to 
five  days  after  the  temperature  had  become  normal. 

Leukopenia  occurred  in  every  case  at  some  time  during  the 
febrile  period,  with  two  exceptions.  One  of  these  patients  had 
furunculosis  and  the  other  acute  bronchitis.  However,  in  the 
former  there  was  a  relative  decrease  in  leukocytes,  and  in  the 
latter  definite  leukopenia  occurred  during  the  post-febrile  period. 

The  results  shown  in  Table  16  indicate  the  proportion  of  cases 
in  which  one  may  expect  to  find  leukopenia  both  during  and 
following  fever.  Although  all  cases  had  leukopenia  at  some  time 
during  the  fever,  it  will  be  noted  that  this  sign  was  found  more 
constantly  toward  the  close  of  the  febrile  period  and  was  constant 
for  a  few  days  following  the  last  day  of  fever.  The  results 
emphasize  the  fact  that  in  any  case  suspected  as  dengue,  the 
blood  should  be  examined  on  several  successive  days  before  it 
can  be  concluded  that  leukopenia  does  not  exist. 

The  relationship  between  the  fevers  of  different  durations 
and  the  average  total  leukocyte  counts  is  indicated  in  Tables  17, 
18,  19,  20,  and  21,  and  text  figs.  22,  23,  24,  25,  and  26. 

It  will  be  noted  that  in  cases  with  fever  lasting  only  two  days, 
the  leukopenia  usually  began  on  the  second  day.  The  average 
low  point  reached  was  4,437  cells  on  the  second  day  after  the 
fever  had  subsided ;  and  the  leukopenia  persisted  in  the  average 
throughout  the  six-day  postfebrile  period.  The  total  period  of 
leukopenia  in  these  two-day  fever  cases  was  about  seven  days. 
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FEVER  OF  TWO  DAYS  DURATIOM                            | 

^    in 
< 

J 

SiviHBWs  pwctniNG  or<t>iT  | 

IWODAVSl 
OTTlVtR.] 

Post  Fever  Period 

DA"^ 

s- 

r' 

2 

3 

A 

5 

6 

7 

1 

2 

3 

4 

5 

6 

105^ 
103? 

101  i 

99  " 
97 

c 

^ 

^— 

97 

!■■ 

•  ■■ 

■  ■■ 

•  ■i 

■■ 

■■• 

■•• 

^^ 

__ 

^_ 

_ 

_ 

—i 

.1. 

_^ 



_ 

1— i 

^ 

10S08 

— 

~~ 

"" 

~ 

" 

10000 

9000 

8000 

7000 

r 
6000  c 

9000 

— 

Td 

TA 

J 

•  • 

•  •• 

^.. 

••• 

•♦• 

\ 

«< 

•• 

H    SON 

n 

n 

K 

f 

5000^ 

^     iiiiin 

ur 

ITB 

rvm 

tiir 

p 

•♦. 

••« 

**• 

-J 

4001  S 
3000 

■^    3000 

irni 

r\r'\ 

rrr 

' 

N^ 

-•« 

* 

"^ 

\y 

/^ 

N 

^\ 

-^ 

^ 

<; 

2000 

1000 

0 

2000 

- 

-." 

.- 

1080 
0 

HO 

NO 

:y^ 

ES 

;' 

,-•* 

^:i 

i»« 

cd 

*" 

*•• 

;;* 

^ 

itt 

taa 

AA«i 

•-^ 

Ttr, 

-'• 

"■  " 

a^ 

11 NC 

VH 

tfi 

_ 

10000 

< 

o 

^    1080 

8 

z 

10 

=, 

z=. 

,= 

^ 

:=; 

— 

J 

^ 

= 

= 

= 

^ 

= 

10000 

1000  ;;^ 

i 

•< 
100  2 

c 
10 

= 

=^ 

E= 

= 

zn 

ZI 

— 

zz: 

zz 

ZZ 

=:: 

\ 

— 

:si 

Gil 

ln: 

iD 

— 

-^ 

Ltai 

►au 

••1 

5s; 

— 

H 

— 

— 

f 

= 

■*^ 

"W 

r^ 

^ 

= 

^ 

^ 

^ 

^ 

^ 

2:-; 

^ 

-V 

^ 

^ 

/■ 

^ 

— ; 



= 

= 

— : 



•~~ 

= 

*• 

^ 

i** 

1^ 

^ 

S^ 

5 

»^ 

~ 

~ 

J 

/ 

:==: 

=::: 

!Tl 

"^ 

= 

= 

= 

^ 

^ 

= 

k: 

^ 

zz; 

= 

^ 

~ 

ZZ 

= 

= 

— 

— 

— 

— 

— 

— 

— 



— 

— 

— 

— 

— 



— 

— 

HW 

BIR 

ffCA 

MS< 

0N5 

DIW 

d 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 

3 

3 

z 

Fig.  22.    Average  leukocyte  counts  in  cases  of  dengue  with  fever  of 
two  days  duration. 

In  a  small  group  of  patients  who  had  fever  for  three  days, 
the  average  curve  showed  leukopenia  on  the  second  and  third 
days,  reaching  an  average  low  point  of  4,375  on  the  first  day 
of  normal  temperature,  with  a  return  to  normal  on  the  third 
day  after  subsidence  of  the  fever.  The  average  total  period  of 
leukopenia  was  four  days. 

In  t^he  cases  with  fever  lasting  four  days,  the  average  leukocyte 
curve  showed  a  progressive  fall  beginning  on  the  second  day  of 
fever  and  reaching  a  low  point  of  about  3,520  on  the  first  day  of 
normal  temperature;  after  which  the  counts  rose  daily  until  they 
were  normal  about  the  fourth  day  following  the  fever.  The 
total  average  period  of  leukopenia  in  this  four-day-fever  group 
was  about  six  days. 
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Table  15. — Average  leukocyte   counts   before,  during,  and  after  dengue 

fever. 

NORMAL  OBSERVATION. 


Days. 

'6 
§ 

1 

6 

1 
1 

98.4 

Leukocyte  counts. 

Pulse. 

Total. 

Granulocytes. 

1 
1 

o 

1 

Neutrophilic. 

Eosi- 
nophi- 

Seg- 
mcnted. 

Staff. 

Young. 

Total. 
4,292 

1 

9 

84 

8,255 

3,016 

840 

61 

247 

3,222 

433 

2 

19 

98.1 

81 

7,681 

3,494 

650 

112 

4,108 

126 

2,843 

864 

3 

30 

98.1 

79 

7,850 

3,686 

731 

94 

4,768 

218 

2,827 

309 

4 

29 

97.8 

80 

7,634 

3,262 

788 

35 

5,136 

231 

8,029 

306 

5 

30 

98.1 

80 

7,773 

3,286 

793 

47 

4,133 

216 

2,855 

336 

6 

37 

97.9 

77 

7,655 

3,263 

740 

76 

4,068 

238 

2,915 

379 

7 
Avera 

35 
ge 

98.2 

80 

7,929 

3,588 

949 

84 

4,473 

256 

2,814 

337 

98.1 

80 

7,825 

3,371 

784 

72 

4,425 

219 

2,929 

352 

Si 

2VEN  ] 

DAYS  P 

RECED 

ING  ONSET  0 

F  DEN( 

5UE. 

7 

66 

97.8 

78 

7,746 

3,143 

880 

49 

4,097 

226 

2,981 

376 

6 

69 

97.9 

78 

7,946 

3,353 

928 

62 

3,369 

229 

2,960 

360 

5 

70 

97.8 

78 

8,016 

3,363 

936 

57 

4,445 

235 

2,983 

376 

4 

71 

97.8 

77 

8,165 

3,420 

879 

67 

4,357 

259 

3,104 

402 

3 

72 

98.0 

79 

7,937 

3,417 

859 

54 

4,342 

212 

2,854 

375 

2 

77 

97.8 

79 

7,821 

3,169 

911 

65 

4,196 

211 

3,007 

366 

1 
Avera 

82 
ge 

97.8 

79 

7,711 

3,146 

1,116 

70 

4,267 

237 

2,779 

398 

97.9 

78 

7,906 

3,287 

930 

61 

4,282 

231 

2,953 

879 

FEVEB 

.  PERIOD. 

1 

83 

101.1 

84 

7,129 

3,046 

1,608 

181 

4,607 

182 

1,818 

416 

2 

82 

101.3 

90 

5,617 

1,556 

1,903 

280 

3,661 

64 

1,475 

372 

3 

80 

101.2 

88 

4,569 

787 

1,602 

301 

2,663 

58 

1,537 

340 

4 

77 

101.5 

87 

4,035 

629 

1,392 

283 

2,322 

53 

1,369 

271 

5 

62 

101.4 

86 

3,386 

425 

1,127 

299 

1,873 

58 

1,345 

217 

6 
Avera 

29 
ge 

100.6 

86 

3,800 

374 

1,162 

351 

1,887 

58 

1,588 

287 

101.1 

87 

4,756 

1,136 

1,469 

283 

2,836 

79 

1,522 

317 

POSTFEVER  PERIOD. 

1 

80 

98.0 

75 

4,314 

554 

1,051 

321 

1,949 

113 

1.959 

379 

2 

79 

97.8 

76 

5,469 

787 

1,119 

261 

2,369 

182 

2,454 

407 

3 

71 

97.8 

77 

6,195 

1,274 

963 

243 

2,803 

133 

2,660 

461 

4 

53 

97.7 

77 

6,441 

1,499 

809 

155. 

2,848 

142 

2.918 

415 

5 

31 

98.0 

75 

7,103 

2,191 

776 

128 

3,343 

182 

3,194 

426 

6 
Avera 

14 
ge 

97.8 

79 

7,219 

2,273 

939 

116 

3,165 

207 

3,148 

416 

97.9 

76 

6,123 

1,429 

944 

204 

2,746 

159 

2,722 

417 
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Table  16. — Leukopenia  on  the  different  days  of  dengue.* 

DENGUE  FEVER. 


Day. 

Cases 
considered. 

Leukopenia. 

No  leukopenia. 

Number. 

Per  cent. 

Number. 

Per  cent. 

1___     _                                     

82 
81 
79 
75 
60 
28 

24 
53 
69 
71 
57 
26 

29.27 
65.43 
87.34 
94.68 
95.00 
92.85 

58 

28 

10 

4 

3 

2 

70.73 

34.57 

12.66 

5.34 

5.00 

7.15 

2 

3                                                      _..       

4__.     .                  _                

5 

6                                                    

FOLLOWING  RETURN  0 

F  TEMPERATURE  TO  NORMAL. 

1                                                                

80 
79 
71 
53 
32 
14 

72 
58 
31 
16 
9 
3 

90.00 
73.42 
43.66 
30.19 
28.12 
21.43 

8 
21 
40 
37 
23 
11 

10.00 
26.58 
56.34 
69.81 
71.88 
78.57 

2..     

3 

4 

5 

6 

»  Leukopenia  occurred  in  all  the  cases  at  some  time  during  the  fever. 
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Fig.  28.    Average   leukocyte   counts   in   cases   of   dengue   with   fever   of 
three  days  duration. 
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Table  17. — Average  leukocyte  counts  in  cases  of  dengue  with  fever  of  two 

days  duration, 

SEVEN  DAYS   PRECEDING  FEVER. 


Days. 

1 

1 

1 

5 

i 

1 
1 

Leukocyte  counts. 

Total. 

Granulocytes. 

•     1 
o 

•a 
1 

o 

Neutrophilic. 

Eosino- 
philic. 

Seg- 
mented. 

Staflf. 

Young. 

Total. 

7 

(») 

7,662 

3,229 

553 

40 

3,997 

272 

3,035 

483 

6 

C') 

7,800 

3,113 

806 

55 

3,974 

297 

2.947 

578 

5 

(*) 

7,962 

3,452 

730 

81 

4,263 

402 

2,966 

299 

4 

(*) 

7,825 

3,393 

638 

97 

4,127 

345 

3,082 

328 

3 

(*) 

7,325 

2,939 

936 

83 

3,819 

164 

2,929 

467 

2 

(*) 

7,312 

2,626 

1,238 

223 

4,089 

233 

2,239 

720 

1 

C') 

7,175 

1,800 

1,259 

242 

3,301 

186 

2,952 

663 

(Maximum)  b_ 

9,300 

4,092 

2,123 

616 

5,544 

1,215 

4,071 

1,078 

(MiniTT^uTn^  b 

6,700 
7,580 

1,035 
2,936 

365 
880 

75 
117 

1,725 
3,939 

69 

271 

1,001 
2,879 

79 
505 

Aver 

age 

FI 

]VER  PERIOD. 

1 

4 

100.9 

6,539 

1,664 

1,256 

277 

3,198 

313 

2,129 

602 

2 

4 

100.6 
102.2 

4,950 

799 

1,540 

342 

2,681 

164 

1,526 

520 

(Maximum)  b 

7,200 

2,849 

2,548 

476 

4,134 

486 

2,592 

1,248 

(Minimum)  b 

97.2 

4,300 

44 

616 

208 

924 

0 

583 

301 

Average  .  _ . 

100.8 

5,744 

1,231 

1,398 

309 

2,939 

238 

1 ,827 

561 

POSTFEVER  PERIOD. 

1 

4 

(*) 

4,462 

326 

932 

364 

1,623 

116 

2,137 

540 

2 

4 

(») 

4,437 

443 

872 

250 

1,565 

179 

2,069 

506 

3 

3 

(*) 

4,850 

508 

1,014 

485 

2,008 

94 

2,070 

611 

4 

3 

(*) 

4,550 

984 

797 

238 

2,020 

158 

1,856 

418 

5 

3 

(») 

6,150 

1,706 

727 

225 

2,958 

205 

2,775 

404 

6 

2 

C) 

6,375 

1,632 

765 

229 

2,626 

192 

2,818 

510 

(Maximum)  t 
(Minimum')  b 

7,650 

2,900 

.      5,137 

2,448 
153 
933 

1,336 
434 
851 

627 

0 

299 

3,901 
1,274 
2,133 

307 

58 

157 

3,900 

841 

2,287 

969 
186 
498 

Ave 

rage 

I  Normal. 


^  Not  averages. 
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Table  18. — Average  leukocyte  counts  in  cases  of  dengue  with  fever  of  three 

days  duration, 

SEVEN  DAYS  PRECEDING  FEVER. 


Days. 

Cases  con- 
sidered. 

Temper- 
ature. 

Leukocyte  counts. 

Total. 

Granulocytes. 

Lympho- 
cytes. 

Monocytes. 

Neutrophi- 
lic. 

Eosinophi- 
lic. 

7 

(») 

7,525 

3,720 

238 

3,104 

352 

6 

(») 

7,862 

4,403 

175 

2,910 

348 

5 

("») 

8,287 

4,716 

245 

3,068 

394 

4 

(-) 

8,350 

4,018 

275 

3,316 

190 

3 

(-) 

8,200 

4,548 

61 

3,023 

245 

2 

(«») 

8,562 

4,468 

75 

3,686 

395 

1 

(-) 

8,475 

4,782 

134 

3,391 

368 

(Maximum)  0 

12,100 

7,744 

605 

5,568 

968 

(Minimum"^  <' 

6,450 

2,819 

0 

2,092 

161 

Average. 



8,179 

4,379 

172 

3,214 

327 

FEVER  PERIOD. 

1 

4 

100.7 

8,237 

5,243 

51 

2,570 

329 

2 

4 

101.3 

5,375 

3,072 

31 

1,989 

268 

3 

4 

101.6 

5,025 

3,150 

25 

1,545 

303 

(Maximum)  <5 

104 

11,600 

9,512 

137 

3,699 

472 

(Minimum') » 

99 

3,150 

1,549 

0 

1,116 

126 

Average  _ 

101.2 

6,212 

3,822 

36 

2,035 

100 

POSTFEVER  PERIOD. 

1 

4 

C^) 

4,375 

2,202 

34 

1,821 

267 

2 

4 

.        C^) 

6,262 

2.980 

255 

2,739 

232 

3 

4 

(«') 

6,812 

3,779 

58 

2,282 

441 

4 

3 

V") 

'  7,117 

3,733 

94 

2,957 

259 

5 

2 

(«) 

7,425 

3,560 

74 

3,269 

483 

6 

2 

(*) 

7,750 

3,551 

306 

3,434- 

418 

(Maximur 
(Minimun 
Average- 

a)o 

8,100 
3,700 
6,624 

4,785 
1,599 
6,301 

476 

0 

137 

4,131 
1,406 
2,750 

670 
123 
350 

i)°  -- 

»  Normal. 


c  Not  averasree. 
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Table  19. — Average  leukocyte  counts  in  cases  of  dengue  with  fever  of  four 

days  duration, 

SEVEN  DAYS  PRECEDING  FEVER. 


Days. 

'a 
'E3 

£ 
1 

P. 

Leukocyte  counts. 

Total. 

Granulocytes. 

00 

^ 

Neutrophilic. 

6 

8,196 

Eosino- 
phUic. 

B    ■ 

§ 

Seg- 
mented. 

Staff. 
839 

Young. 

Total. 

7 

12 

(*) 

3,424 

22 

4,295 

291 

3,285 

326 

6 

12 

(a) 

8,229 

3,575 

877 

69 

4,506 

195 

3,091 

884 

5 

12 

(a) 

8,400 

3,670 

738 

67 

4,475 

248 

2,304 

428 

4 

12 

(*) 

8,829 

3,904 

743 

71 

4,666 

284 

3,245 

506 

3 

12 

(a) 

7,950 

3,427 

748 

46 

4,157 

218 

3,088 

374 

2 

13 

(*) 

8,373 

3,339 

811 

93 

4,222 

271 

3,301 

514 

1  I       14 
(Maximum)  b 

(*) 

7,557 

3,197 

982 

73 

4,197 

202 

2,670 

464 

12,300 

5,600 

3,198 

369 

7,749 

1,069 

4,669 

1,674 

(Minimum')  ^ 

5,900 
8,219 

649 
3,505 

268 
818 

0 
63 

3,127 
4,360 

0 
244 

1,485 
2,998 

0 
428 

Aver 

age 

FEVER  PERIOD. 

1 

14 

100.9 

7,007 

2,878 

1,567 

202 

4,640 

192 

1,667 

1 
452 

2 

13 

101 

5,912 

1,919 

1,669 

251 

3,624 

80 

1,631 

533 

3 

15 

101.2 

4,963 

942 

1,477 

391 

2,646 

47 

1,604 

503 

4 

15 

101.4 

4,517 

715 

1,416 

322 

2,550 

69 

1,468 

387 

(Maximum)  ^ 

104 

9,650 

6,552 

2,832 

686 

7,720 

786 

2,848 

1,914 

(Minimum)  b 

99.2 

3,100 

158 

341 

52 

1,094 

0 

606 

32 

Average  ___ 

101.1 

5,600 

1,613 

1,532 

291 

3,385 

97 

1,592 

469 

POSTFEVER  PERIOD. 

1 

15 

(«») 

3,520 

409 

1,103 

280 

1,815 

153 

1,810 

391 

2 

14 

(») 

5,132 

700 

1,145 

340 

2,171 

161 

2,336 

395 

3 

14 

C^) 

6,093 

1,269 

1,028 

161 

2,574 

164 

2,915 

360 

4 

10 

C) 

6,575 

1,271 

893 

146 

2,529 

173 

3,331 

476 

5 

7 

(^) 

7,678 

2,819 

610 

95 

3,579 

361 

3,328 

537 

6 

4 

i-) 

7,987 

3,342 

721 

58 

4,121 

202 

3,148 

459 

(Maximum)  b 

10,900 

3,612 

1,782 

819 

4,505 

517 

5,014 

1,668 

(Minimum^  b 

2,700 
6,164 

162 
1,634 

380 

917 

51 
180 

792 
2.798 

36 
202 

1,056 
2,811 

88 
436 

Aver 

age__ 

»  Normal. 


^  Not  averages. 


138 


EXPEEIMENTAL  STUDIES  OP  DENGUE 


AVERAfiE  mmm  msi&m(mmmm\mmmmmm&imsm         \ 

(J 

2     105 
< 

SoDCBMrd  TuceoiMb  onsu 

FEVER  PERIOD 

POST  FEVER  PERIOD 

105  i 

103? 

99  ^ 
97 

D 

\r. 

1 

2 

3 

4 

5 

6 

7 

1 

2 

3 

4. 

\ 

2 

3 

4 

5 

e 

A 

r 

> 

97 

». 

— 

-* 

lai 

■■ 

■». 

^' 

•i» 

r«a 

\m\ 

■■ 

■« 

toooo 

90B6 

m 

7000 

lOOOO 
9000 

w 

\l 

••♦ 

*% 

8000 
7000 
6000  i 

T. 

5000  2 

**« 

•■« 

s 

A 

•• 

♦^ 

V 

^\ 

^' 

§   5000 
3    iODO 

\, 

ft 

♦^ 

f* 

N£^ 

TROf 

m 

S^ 

.^ 

--- 

_* 

-N 

% 

»♦ 

/ 

•< 
4000  g 

-■   3000 

lYN 

PHO^ 

m 

.. 

^ 

-\ 

\ 

^* 

^ 

A 

"^ 

V 

r— 

s 

^^ 

j^ 

>«~ 

J 

200O 

2000 

tooo 

0 

S^ 

1000 

HOI 

S^ 

tsj 



r:d 

.^' 

— 

— , 



_^ 

^-. 

— , 

~— 







— 

_. 

"" 

LttJI 

10000 

i 

1    1000 

i 

i 

:   100 

»10 

^ 

^ 

^ 

^ 

^ 

^ 

i 

d 

= 

= 

= 

d 

= 

g 

= 

== 

10000 
1000  1 

looi 

I 

to 

— 

— 

it] 

MtN 

[UJj 

— • 

— 

^•« 

>••» 

■*• 

•S^ 

— 

— 



T 

•»- 

_ 

_ 

^ 

, 
fe 

_ 

_ 

_ 

_ 

_ 

s«-! 

fUl. 

i\ 

S 

5= 

(€ 

-/ 

_ 

= 

= 

^ 

= 

= 

= 

= 

^ 

=i 

= 

= 

5 

^ 

^ 

5=5 

^ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

i^ 

p^ 

»!• 

•% 



— 

f_ 

^ 

•^ 

^ 

= 

=: 

::= 

:z:z 

=:r: 

3z: 

^ 

^ 

—J 

^ 

= 

rr= 

= 

^ 

5 

^ 

YOl 

m'. 

/ 

N 

imbe 

•ofc 

^%{ 

onsk 

mi 

12 

17 

12 

12 

12 

»3 

14 

14 

n 

15 

15 

IS 

14 

14 

10 

7 

4 

^ 

Fig.  24.    Average  leukocyte  counts  in  cases  of  dengue  with  fever  of  four 
days    duration. 


The  curve  for  the  five-day-fever  group  also  showed  that  leuko- 
penia began  on  the  second  day,  progressed  daily,  and  reached  a 
minimum  point  of  3,172  on  the  fifth  day  of  fever.  From  this 
point  the  average  counts  increased,  reaching  normal  four  days 
later.  The  average  duration  of  leukopenia  in  this  group  of 
cases  was  six  days. 

The  cases  with  fever  lasting  six  days  showed  a  very  similar 
average  leukocyte  curve  during  the  period  of  fever,  with  the 
leukopenia  persisting  for  two  days  afterward,  or  for  a  total 
of  about  seven  days. 

From  a  consideration  of  all  these  groups  it  may  be  stated 
that  leukopenia  was  always  apparent  by  the  second  day  of  fever ; 
and  that,  although  the  lowest  average  counts  in  the  groups  of 
cases  with  short  febrile  periods  were  not  quite  so  low,  the 
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Table  20. — Average  leukocyte  counts  in  cases  of  dengue  with  fever  of  five 

days  duration, 

SEVEN  DAYS  PRECEDING  FEVER. 


Days. 

7 

i 

1 
s 

8 

w 

i 

6 

2 
1 

Leukocyte  counts. 

Total. 

Granulocytes. 

1 

.£3 

a 

S 

1 
o 

Neutrophilic. 

Eosino- 
philic. 

Seg- 
mented. 

Staff. 

Young. 

Total. 

22 

C^) 

8,261 

3,346 

965 

79 

4,410 

261 

3,132 

410 

6 

25 

(") 

7,880 

3,399 

847 

65 

4,211 

f         ^^^ 

3,009 

332 

5 

25 

C^) 

7,830 

3,309 

812 

19 

4,209 

243 

2,970 

387 

4 

26 

(») 

8,010 

3,558 

803 

58 

4,324 

251 

2,900 

404 

3 

27 

(») 

'    8,191 

3,552 

922 

48 

4,578 

231 

2,940 

411 

2 

29 

(-) 

7,595 

3,190 

807 

48 

4,187 

227 

2,868 

337 

1 

31 

C^) 

7,931 

3,410 

1,091 

59 

4,352 

305 

2,680 

457 

(Maximum)  b 

11,150 

5,555 

4,263 

334 

8,251 

930 

5,329 

1,069 

(Minimum^  b 

5,950 

307 

298 

0 

1  836 

0 

1  540 

0 

Aver 

age 

7,957 

3,395 

892 

54 

4,317 

247 

2,927 

391 

FEVER  PERIOD. 

1 

32 

101.7 

7,146 

3,225 

1,607 

185 

4,838 

165 

1,577 

451 

2 

32 

101.4 

5,723 

1,627 

1,851 

334 

3,623 

43 

1,474 

447 

3 

32 

100.9 

4,395 

822 

1,430 

292 

2,592 

87 

1,426 

307 

4 

32 

102 

3,919 

740 

1,292 

300 

2,033 

51 

1,275 

253 

5         32 
(Maximum)  b 

101.2 

3,172 

447 

1,076 

301 

1,912 

30 

1,054 

208 

104.4 

9,900 

5,247 

4,717 

819 

7,209 

1,089 

3,857 

1,384 

(Minimum)b 

98.4 

1,900 

76 

351 

0 

646 

0 

328 

0 

Average  ___ 

101.4 

4,871 

1,372 

1,451 

282 

2,999 

76 

1,361 

333 

POSTFEVER  PERIOD. 

1 

31 

(») 

4,374 

525 

950 

355 

1,912 

155 

1,869 

352 

2 

31 

("*) 

5,661 

959 

1,120 

252 

2,524 

143 

2,563 

512 

3 

27 

(*) 

6,505 

1,603 

865 

146 

2,744 

150 

3,024 

462 

4 

20 

C^) 

7,055 

1,660 

628 

114 

2,711 

145 

3,311 

516 

5 

9 

(-) 

7,211 

2,145 

762 

96 

3,295 

136 

3,377 

409 

6 

3 

C'') 

7,650 

2,905 

688 

115 

3,670 

203 

3,213 

495 

(Maximum  )b. 
(Minimum)  b_ 

8,700 
2,150 

3,268 
117 

1,848 
196 

891 
0 

5,046 
539 

655 
0 

4,514 
881 

1,192 
0 

Avert 

ige 

6,409 

1,633 

834 

179 

2,809 

155 

2,893 

458 

»  Normal. 


*»Not  averages. 


minimum  was  reached,  as  in  the  fevers  of  long  duration,  on  the 
fourth  or  fifth  day  after  onset ;  and  that  the  duration  of  leuko- 
penia in  all  groups  was  about  four  to  seven  days.  This  fact 
indicates  that  regardless  of  the  duration  of  fever  the  decrease 
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Fig.  25.    Average  leukocyte  counts 
days 


in   -cases    of   dengue   with   fever   of 
duration. 


five 


in  the  number  of  leukocytes,  once  begun,  progresses  to  a  low 
point  which  occurs  on  the  fourth,  fifth,  or  sixth  day,  and  that 
thereafter  the  number  gradually  increases  and  returns  to  normal. 
Apparently,  differences  in  the  length  of  the  febrile  period  do 
not  influence  to  any  marked  extent  either  the  degree  or  dura- 
tion of  leukopenia. 

THE  LYMPHOCYTES 

The  average  daily  counts  of  the  numbers  of  lymphocytes  in 
the  various  groups  of  cases  considered  showed  the  following 
general  trend  (Table  15) :  During  the  periods  of  normal  obser- 
vation and  incubation,  the  average  number  of  cells  varied 
between  2,827  and  3,222,  with  an  average  of  about  2,900.  On 
the  day  preceding  onset  of  dengue  the  lymphocytes  were  slightly 
decreased,  while  on  the  first  day  of  dengue  fever  the  lymphocytes 


ALTERATIONS  OF  LEUKOCYTES 


141 


Table  21. — Average  leukocyte  counts  in  cases  of  dengue  with  fever  of  six 

days  duration, 

SEVEN  DAYS   PRECEDING  FEVER. 


Days. 

•s 
8 

3      Temperature. 

Leukocyte  counts. 

Total. 

Granulocytes. 

1 
f 

Neutrophilic. 

Eosino- 
philic. 

Seg- 
mented. 

Staff. 

Young. 

Total. 

7 

23 

7,720 

3,776 

978 

40 

3,984 

193 

2,898 

380 

6 

24 

(a) 

7,935 

3,170 

1,059 

68 

4,375 

256 

2,935 

344 

5 

25 

(*) 

7,978 

3,162 

1,172 

68 

4,456 

221 

2,887 

332 

4 

25 

(*) 

8,032 

3,018 

1,065 

67 

4,216 

261 

3,198 

374 

3 

25 

(ft) 

7,672 

3,186 

880 

46 

4,202 

232 

2,867 

330 

2 

27 

(a) 

7,689 

3,054 

1,006 

38 

4,075 

187 

2,997 

276 

1 

28 

(a) 

7,552 

3,026 

1,183 

54 

4,283 

198 

2,724 

266 

(Maximum)  b 

13,300 

6,765 

5,586 

294 

8,778 

940 

4,980 

1,200 

(Minimum'^  ^ 

3,900 
7,797 

195 
3,199 

246 
1,049 

0 
54 

1,448 
4,227 

0 
221 

1,410 
2,929 

0 
329 

Aver 

age 

FEVER  PERIOD. 

1 

27 

101.4 

7,181 

2,840 

1,574 

118 

4,622 

173 

2,061 

315 

2 

27 

102.0 

5,605 

1,452 

2,219 

218 

3,924 

74 

1,241 

.    275 

3 

27 

101.0 

4,656 

715 

1,839 

213 

2,724 

27 

1,632 

280 

4 

27 

101.2 

3,852 

450 

1,448 

223 

1,913 

51 

1,404 

206 

5 

27 

101.5 

3,509 

390 

1,208 

274 

1,825 

91 

1,278 

232 

6 

27 

100.6 

3,713 

227 

1,224 

339 

1,902 

52 

1,486 

276 

(Maximum)  I' 

104.6 

9,800 

5,947 

4,588 

1,512 

7,278 

749 

3,952 

1,228 

(Minimum)  b 

98.6 

2,100 

28 

370 

0 

798 

0 

380 

0 

Aver 

acre 

4,753 

1,012 

1,585 

231 

2,818 

78 

1,517 

264 

POSl 

^FEVER  PERIOD 

• 

.       1' 

27 

(») 

4,837 

656 

1,218 

307 

2,193 

105 

2,159 

344 

2 

26 

C^) 

5,854 

1,051 

1,291 

204 

2,607 

171 

2,564 

392 

3 

23 

(•) 

6,717 

1,716 

955 

183 

2,908 

188 

3,008 

432 

4 

17 

(•) 

6,906 

2,127 

919 

124 

3,246 

140 

3,133 

409 

5 

10 

(•) 

7,050 

2,095 

1,001 

97 

3,321 

134 

3,222 

298 

6 

3 

(•) 

6,333 

1,212 

1,584 

63 

2,859 

132 

3,127 

194 

(Maximum)^ 

8,800 

5,104 

2,660 

657 

6,160 

602 

4,917 

1,341 

(Minim  nm^b 

2,150 
6,283 

43 
1,809 

441 
1,161 

0 
163 

530 
2,856 

0 
145 

957 
2,869 

0 
345 

*  Normal. 


^  Not  averages. 


were  usually  decreased  about  1,000  cells.  Some  decrease  was 
maintained  throughout  the  febrile  period  with  an  average  low 
point  of  1,522  cells,  or  approximately  one-half  the  average  nor- 
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Fig.  26.    Average    leukocyte    counts    in    cases   of    dengue   with    fever    of   six 
days    duration. 


mal  number.  Although  the  average  reduction  in  the  number  of 
lymphocytes  in  the  eighty-one  cases  considered  extended  over 
a  period  of  nine  days,  the  charts  of  the  individual  fever  groups 
show  that  this  period  might  be  as  short  as  six  days,  but  ,as  a 
general  rule  the  lymphocytes  returned  to  normal  before  the  gra- 
nulocytes. 

THE  MONOCYTES 

The  average  daily  counts  of  monocytes  during  the  period  of 
normal  observation  and  incubation  varied  from  a  minimum  of 
306  to  a  maximum  of  433,  w^ith  an  average  of  365  (Table  15). 
While  no  significant  changes  were  noted  in  the  total  numbers 
of  the  monocytes  during  dengue,  a  large  vacuolated  mononu- 
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clear  cell,  morphologically  similar  to  the  so-called  Turk  "irrita- 
tion cell/'  made  its  appearance  in  the  majority  of  cases  either 
during  the  last  days  of  fever  or  at  some  time  in  the  period  of 
convalescence.  This  type  of  cell  has  been  noted  by|  various  ob- 
servers in  other  febrile  conditions  including  tsutsugamuchi  dis- 
ease, in  which  Kawamura(6)  observed  that  "Turk"  cells  usually 
appeared  late,  or  at  the  time  when  the  eruption  was  fading.  Al- 
though the  finding  of  these  cells  was  not  considered  as  diagnos- 
tic, their  occurrence  came  to  be  regarded  as  suggestive  of 
dengue. 

THE   GRANULOCYTES    (EOSINOPHILIC) 

The  average  daily  count  of  the  eosinophiles  before  the  onset 
of  fever  was  231.  For  the  period  of  fever  the  average  was  79 
and  in  the  postfebrile  period  it  was  159  (Table  15).  Because 
of  the  small  numbers  of  the  eosinophiles  present,  these  changes 
may  be  of  no  significance,  but  it  is  interesting  to  note  that  the 
eosinophiles  apparently  follow  the  general  downward  trend  of 
the  other  granulocytes. 

THE    GRANULOCYTES     (BASOPHILIC) 

The  basophiles  showed  no  noticeable  change  and  were  omitted 
from  the  charts. 

THE  GRANULOCYTES    (NEUTROPHILIC) 

The  most  significant  diagnostic  leukocytic  reactions  associated 
with  dengue  fever  are  the  profound  changes  in  the  neutrophilic 
granulocytes.  It  will  be  noted  that  the  average  daily  neutro- 
philic curves  parallel  those  of  the  total  leukocytes. 

The  average  daily  numbers  of  neutrophiles  during  the  periods 
of  normal  observation  and  incubation  varied  from  3,369  to  5,136, 
with  an  average  for  both  groups  of  about  4,300.  During  the 
first  day  of  dengue  fever  the  average  showed  a  slight  increase. 
This  was  followed  on  the  second  day  of  fever  by  a  sharp  decrease 
of  about  1,000  cells.  Thereafter,  the  decline  was  progressive 
until  a  low  point  below  2,000  was  reached  at  some  time  between 
the  fourth  and  sixth  days  following  onset  of  dengue,  regardless 
of  the  duration  of  the  fever.  Following  this  low  point  the 
numbers  of  neutrophiles  slowly  increased  daily;  but  in  a  ma- 
jority of  the  groups,  and  in  the  average  of  all  groups,  they  were 
still  slightly  below  normal  even  on  the  sixth  day  of  convalescence. 

In  addition  to  a  marked  decrease  in  numbers  during  dengue, 
the  mature  neutrophilic  granulocytes  also  showed  morphologic 
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evidence  of  degenerative  changes.  During  the  course  of  the 
disease,  especially  during  the  period  of  extreme  leukopenia,  it 
was  not  infrequently  noted  that  the  nuclei  of  these  cells  were 
markedly  altered ;  in  many  cells  they  were  vacuolated,  irregular 
in  outline,  and  poorly  stained;  in  some  they  were  fragmented, 
portions  of  nuclear  material  being  found  irregularly  distributed 
in  the  cytoplasm.  The  cytoplasm  of  the  cells  often  showed  a 
marked  loss  of  neutrophilic  granules  with  some  clumping  of 
those  remaining.  The  outlines  of  these  cells  were  usually  in- 
definite and  appeared  to  fade  into  surrounding  areas.  Because 
of  the  marked  destruction  of  the  circulating  granulocytes,  one 
should  expect  to  find  some  compensating  reaction  on  the  part 
of  the  blood-forming  organs.  This  reaction  is  shown  by  a  study 
of  the  granulocytes,  which  were  arbitrarily  divided  into  three 
groups  as  follows: 

'■Segmented''  neutrophiles. — These  cells,  which  are  considered 
to  be  the  mature  forms  of  the  granulocytes,  are  characterized 
by  a  multilobed  nucleus  segmented  or  divided  into  two  or  more 
lobes  connected  by  a  thread  of  nuclear  material. 

''Staff''  or  "band"  form  neutrophiles, — These  cells  are  consid- 
ered to  be  younger  than  the  segmented  forms.  They  have  a 
nonsegmented  nucleus  which  is  narrow  and  usually  curved.  The 
cytoplasmic  structure  is  similar  to  that  of  the  fully  matured 
cells. 

"Young"  granulocytes  or  metamyelocytes. — These  cells  are 
considered  to  be  more  immature  than  the  "staff"  form  and 
slightly  older  than  the  myelocytes.  The  nucleus  is  usually 
rounded  in  outline  and  often  shows  slight  indentations.  The 
cytoplasmic  structures  are  similar  to  those  of  the  mature  cells. 

It  is  apparent  from  a  study  of  the  charts  and  tables,  that  the 
leukopenia  of  dengue  was  due  largely  to  a  destruction  of  the 
mature  granulocytes.  These  cells  actually  decreased  from  a 
normal  level  of  approximately  3,000  to  the  alarmingly  low  figure 
of  about  300  cells.  Fortunately,  this  loss  of  mature  granulocytes 
was  partially  compensated  for  by  an  immediate  increase  in  the 
immature  forms,  which  doubled  or  tripled  in  numbers  during 
the  febrile  period. 

The  mature,  or  ''segmented,"  forms  usually  remained  at  the 
normal  level  of  about  3,000  cells  until  the  second  day  of  the  fever, 
when  there  was  a  fall  of  about  50  per  cent,  following  which 
the  numbers  of  cells  continued  to  decrease  to  a  low  point  of 
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about  300  to  400  on  the  fifth  or  the  sixth  day  following  the 
onset.  After  this  low  point  was  reached  the  numbers  of  mature 
granulocytes  gradually  increased  toward  normal  during  conva- 
lescence, but  in  the  average  of  all  cases  and  in  some  of  the 
groups  the  normal  level  was  not  reached  even  on  the  sixth  day 
following  normal  temperature. 

In  the  majority  of  the  fever  groups,  the  **staif,"  or  immature, 
forms  increased  to  a  point  above  the  upper  normal  limit  of 
1,000  cells  on  the  day  preceding  the  febrile  period,  but  the  rise 
shown  by  the  average  of  all  cases  was  insignificant.  In  general, 
it  may  be  stated  that  these  cells  doubled  in  numbers  on  the  first 
day  of  fever,  which  no  doubt  accounted  for  the  slight  elevation 
observed  in  the  total  neutrophilic  count  on  the  first  day.  On 
the  second  day  of  fever  the  average  number  of  staff  forms 
reached  a  peak  of  about  1,900  cells,  which  also  sustained  the 
total  count  to  a  level  only  slightly  below  normal.  From  this 
high  point  the  staff  forms  remained  increased  in  number  dur- 
ing fever  and  for  three  or  four  days  following  the  return  of 
temperature  to  normal. 

The  *'young"-form  granulocytes,  the  upper  normal  limit  of 
which  was  considered  to  be  about  100  cells,  showed  a  sharp  rise 
on  the  first  day  of  fever  and  were  more  than  doubled  in  numbers 
by  the  second  day.  At  the  period  of  greatest  depression  of  the 
mature  forms  the  young  granulocytes  were  still  increased  in 
numbers  and  in  the  majority  of  the  four  groups  they  later  became 
more  numerous  than  the  former.  The  highest  point  was  usually 
reached  between  the  fifth  and  sixth  days  of  fever;  following 
which  they  remained  above  normal  for  about  three  more  days 
in  the  different  fever  groups,  while  the  average  of  all  cases 
showed  an  increase  in  these  cells  during  the  entire  six  days  of 
the  postfebrile  period. 

From  a  consideration  of  the  changes  in  the  proportions  of  the 
three  types  of  granulocytes,  it  may  be  stated  that  an  increase 
in  the  number  of  immature  cells,  associated  with  a  normal  num- 
ber or  a  slight  decrease  in  the  number  of  mature  forms,  during 
the  first  day  of  a  febrile  condition  clinically  resembling  dengue, 
is  a  valuable  diagnostic  sign.  In  many  individual  cases  this  re- 
action appeared  on  the  day  preceding  the  onset  and  made  it 
possible  to  forecast  a  diagnosis  of  dengue  in  these  experimental 
cases. 

In  cases  with  fever,  leukopenia,  and  subjective  symptoms  of 
dengue  the  increase  in  immature  granulocytes  above  the  numbers 
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of  mature  segmented  forms  is  considered  to  be  the  most  impor- 
tant confirmatory  diagnostic  sign  of  the  disease. 

SUMMARY  AND  CONCLUSIONS 

1.  In  the  cases  of  experimental  dengue  included  in  this  study, 
the  leukopenia  usually  began  on  the  second  day,  became  pro- 
gressively more  extreme,  reaching  a  low  point  on  the  fourth, 
fifth,  or  sixth  day  after  the  onset,  following  which  the  leuko- 
cytes gradually  returned  to  normal  on  the  third  or  fourth  day 
of  convalescence. 

2.  The  leukopenia  was  mainly  due  to  a  decrease  in  both  the 
lymphocytes  and  mature  neutrophilic  granulocytes. 

3.  The  numbers  of  lymphocytes  returned  to  normal  levels 
before  the  granulocytes,  although  both  were  decreased  for  several 
days  during  convalescence. 

'  4.  The  marked  degenerative  changes  that  were  observed  in 
the  cell  structures,  particularly  in  the  mature  granulocytes,  in- 
dicate that  the  leukopenia  of  dengue  is  due  to  a  destruction  of 
these  cells.  This  suggests  the  possibility  that  the  virus  may 
multiply  within  the  leukocyte,  causing  the  death  of  the  cell. 

5.  Coincident  with  the  leukopenia  there  occurred  an  enormous 
increase  in  immature  granulocytes.  This  sharp  rise  in  the 
number  of  younger  cells  at  the  time  of  the  decrease  in  the  older 
forms,  or  the  so-called  **shift  to  the  left,"  was  observed  to  be 
a  constant  reaction.  In  the  early  diagnosis  this  shift  in  the 
proportion  of  the  immature  granulocytes,  together  with  the  leu- 
kopenia, constituted  the  most  reliable  single  diagnostic  sign  of 
dengue  fever. 
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DENGUE  IMMUNITY 

There  is  an  abundance  of  epidemiological  and  clinical  infor- 
mation bearing  on  the  subject  of  dengue  immunity,  but  relatively- 
few  experimental  studies  have  been  reported.  Therefore,  many- 
questions  remain  to  be  answered  concerning  the  mechanism, 
degree,  and  duration  of  this  immunity.  >  From  observations 
concerning  the  high  percentage  of  individuals  attacked  during 
the  first  introduction  of  dengue  into  various  localities,  and  even 
in  endemic  areas  during  epidemic  or  pandemic  waves  of  the 
disease,  it  seems  probable  that  few  if  any  human  beings  possess 
natural  immunity  to  the  infection.  Outbreaks  have  been  re- 
ported by  Sandwith,(i)  Godding,  (2)  Cleland,  Bradley,  and 
McDonald,  (3)  Legendre,(4)  and  others,  in  which  from  75  to  100 
per  cent  of  entire  populations  have  been  infected  within  a  limited 
period  of  time.  A  recent  example  is  the  explosive  outbreak  in 
Greece  during  1927-1928,  in  which,  according  to  a  report  by 
the  League  of  Nations,  (5)  239,000  cases  occurred  in  Athens 
during  the  first  eight  months  of  1928. 

While  adult  natives  living  in  endemic  localities  rarely  become 
ill  with  the  disease  during  inter-epidemic  periods,  there  is  no 
conclusive  evidence  to  indicate  that  natural  immunity  to  dengue 
exists  in  any  group  or  race  of  people.  The  apparent  racial 
immunity  of  certain  peoples  living  in  the  Tropics  is,  no  doubt, 
acquired  as  a  consequence  of  previous  attacks.  According  to 
Hirsch,(6)  (1883)  it  was  observed  by  Dickson  that  the  only 
persons  who  escaped  infection  during  the  Charleston  outbreak 
of  1850  were  those  who  had  previously  been  attacked  in  1828. 
A  most  significant  observation  is  that  of  Bonne,  (7)  (1918)  in 
Paramaribo,  who  noted  that  Europeans  admitted  to  his  hospital 
developed  dengue  within  a  week  or  two ;  while  no  case  occurred 
among  one  hundred  Creole  nurses  and  other  attendants.  How- 
ever, he  observed  that  the  mulatto  children  were  not  immune. 
Other  interesting  observations  have  been  made  in  the  Fiji 
Islands.  Skottowe(8)  (1890)  reported  that  during  1885,  when 
dengue  was  probably  first  introduced,  the  native  Fiji  Islanders 
suffered  more  severely  than  the  Melanesians.  Later,  during  an 
epidemic  which  occurred  there  in  1906,  Montague  (9)  observed 

147 


148  EXPERIMENTAL  STUDIES  OP  DENGUE 

that  the  old  residents  who  had  had  the  disease  in  1885  escaped 
in  almost  every  instance,  and  that  in  the  intermission,  the  island 
had  been  particularly  free  from  dengue.  During  the  recent  epi- 
demic in  Greece  it  was  noted  by  Copanaris(iO)  (1928)  that 
persons  who  had  had  the  disease  in  1927  escaped  in  1928.  It 
was  remarked  that  "presumably  some  immunity  had  been  prod- 
uced and  remained."  Blanc  and  Caminopetros(ii)  (1929)  made 
similar  observations  concerning  the  immunity  of  individuals  who 
had  dengue  during  the  1927  outbreak  in  Greece,  and  stated 
that,  in  their  opinion,  dengue  confers  a  high  degree  of  immunity 
which  i3  of  considerable  duration. 

Adult  natives  living  in  endemic  areas  of  the  Philippines  are 
also  comparatively  resistant  to  dengue,  as  is  indicated  both  by 
the  observations  of  local  physicians  and  by  a  comparison  of  the 
low  dengue  rates  for  Philippine  Scout  soldiers  who  have  spent 
most  of  their  lives  in  the  infested  areas,  with  the  relatively 
high  rates  for  white  American  troops  stationed  for  short  periods 
in  the  same  localities.  This  fact  was  discussed  by  Siler,  Hall, 
and  Kitchens, (12)  who  made  the  following  observations: 

In  an  area  of  endemicity  it  is  likely  that  native  children  suffer  their 
first  attack  of  dengue  early  in  life,  and  that  the  degree  of  immunity  ex- 
hibited later  in  life  is  the  result  of  acquired  immunity  constantly  reenforced 
by  frequent  bites  of  infective  mosquitoes.  In  every  epidemic  season  a  cer- 
tain number  of  native  people  have  clinical  dengue.  These  may  be  persons 
who  develop  immunity  with  difficulty  or  who  return  to  the  susceptible 
state  rapidly,  or  who  have  been  removed  from  infective  mosquitoes  for  a 
considerable  period. 

The  fact  that  many  adult  natives  of  endemic  areas  are  immune 
is  also  indicated  by  the  results  of  transmission  experiments. 
Ashburn  and  Craig (13)  1907,  after  the  inoculation  of  fourteen 
volunteers  at  Fort  William  McKinley,  observed  that  among  seven 
men  who  had  not  previously  been  exposed,  only  one  immune 
was  found;  while  among  seven  individuals  who  had  passed 
through  an  epidemic,  two  were  completely  immune,  three  were 
partially  immune,  and  in  one  the  result  was  doubtful.  Siler, 
Hall,  and  Kitchens,  (12)  during  their  transmission  experiments, 
were  able  to  infect  all  but  seven  of  sixty  American  volunteers 
inoculated  with  infective  blood  or  bitten  by  infective  mosquitoes. 
All  but  one  of  the  seven  immunes  had  been  in  the  Philippines 
for  periods  of  from  three  to  nineteen  months.  However,  in 
their  experiments  with  thirty-two  Philippine  Scout  soldiers  from 
Fort  William  McKinley  it  was  found  that  100  per  cent  were 
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immune.  Schule(i4)  1928  called  attention  to  the  fact  that 
certain  volunteers  inoculated  with  dengue  virus  were  immune 
and  that  all  of  these  immunes  had  either  been  residents  of  the 
Philippines  for  a  considerable  period  or  had  come  from  other 
localities  where  dengue  was  prevalent. 

Somewhat  similar  results  were  obtained  during  the  investiga- 
tions conducted  by  the  present  board.  Among  eighty-seven 
American  volunteers  who  were  bitten  by  mosquitoes  of  infective 
lots  only  four,  or  4.6  per  cent,  failed  to  develop  dengue.  These 
four  immunes  had  been  in  the  Philippines  for  periods  of  three, 
six,  six,  and  eight  months,  respectively,  before  they  were  tested. 
Similar  experiments  with  Philippine  Scouts  stationed  in  or  near 
Manila  gave  strikingly  different  results  which  are  described 
below. 

PART  I.  OBSERVATIONS  CONCERNING  THE  IMMUNITY  OF  NATIVES 
OF  THE  PHILIPPINE  ISLANDS 

(a)    attempts  to  produce  dengue  in  adult  FILIPINOS  LIVING  IN  AREAS   IN 
WHICH  THE  DISEASE  IS  ENDEMIC 

Among  fifteen  Philippine  Scout  soldiers,  each  inoculated  with 
blood  from  experimental  cases  of  dengue,  and  eighteen  others 
bitten  by  infective  lots  of  Aedes,  only  two  showed  suspicious 
but  unproved  signs  of  infection;  while  thirty-one,  or  93.9  per 
cent,  were  immune.  In  each  experiment  the  soldiers  were  ob- 
served daily  for  evidence  of  infection,  the  temperature  reactions 
were  recorded  and  leukocyte  counts  were  made  each  morning, 
in  order  to  detect  even  slight  changes  which  might  indicate 
infection  in  individuals  incompletely  immune. 

Experiment  1. — ^January  12,  1929.  Infective  blood,  which  had  been 
collected  in  citrate  from  an  experimental  case  of  dengue  ( A.V.  1-H) ,  thirty- 
six  hours  after  onset  of  symptoms,  and  kept  in  the  ice  box  for  twenty-four 
hours,  was  inoculated,  in  0.025  cubic  centimeter  amounts,  into  each  of  ten 
Philippine  Scout  soldiers  stationed  at  Fort  William  McKinley.  During 
subsequent  observation  none  of  these  men  developed  symptoms  recognizable 
as  dengue.  The  records  of  their  daily  temperature  reactions  and  leukocyte 
counts  are  shown  below. 

Filipino  volunteer  1. — Pilorin,  D.,  Serial  No.  673082,  Ilocano,  bom  in 
Ilocos  Sur,  age  22,  service  in  Army  four  years  at  Fort  William  McKinley. 
Has  never  been  sick  except  for  "chills  and  fever"  in  1928.  "Never  had 
dengue  or  'trankaso,'  or  any  symptoms  suggesting  dengue."  The  highest 
temperature  recorded  for  this  man  was  99"*  F.  which  occurred  January 
17,  1928,  the  fifth  day  after  inoculation.  The  only  leukocyte  count  low 
enough  to  indicate  a  mild  leukopenia  was  6,150  January  16,  the  fourth 
day  after  inoculation.  These  observations  were  not  considered  to  be  of 
diagnostic  significance.  / 
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Filipino  volunteer  2, — Dona,  Alejandro,  Serial  No.  It-310178,  Ilocano, 
born  in  Ilocos  Sur,  age  27,  service  in  Army  eleven  years  at  Fort  William 
McKinley.  Had  "chills  and  fever"  when  a  child,  but  has  no  knowledge 
of  any  attacks  of  "trankaso"  or  dengue.  After  inoculation  the  only 
elevation  of  temperature  noted  was  99  and  99.8 "*  F.  on  the  eighth  day, 
January  20;  the  leukocyte  counts  January  16,  21,  and  23  were  5,200, 
6,250,  and  6,100,  respectively. 

Filipinx)  volunteer  3, — Robio,  Catalino,  Serial  No.  Ilr-323307,  Ilocano, 
born  in  Ilocos  Norte,  age  28,  service  in  Army  eleven  years,  including  one 
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Fig.  27.    Experimental  demgue  in  Filipino 
volunteer  1. 


Fig.  28.    Experimental  dengue  in  Filipino 
volunteer  2. 
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29.    Experimental  densrue  in  Filipino 
volunteer  3. 


Fig. 


30.    Experimental  densrue  in  Filipino 
volunteer  4. 
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year  in  Batangas  and  nine  years  in  Fort  William  McKinley.  Has  never 
been  sick.  After  inoculation  the  temperature  was  normal  for  twelve  days 
and  there  was  no  significant  reduction  in  leukocytes,  with  the  possible 
exception  of  counts  of  6,500  January  14  and  6,250  January  23,  which  were 
not  considered  diagnostic. 

Filipino  volunteer  ^. — Asuncion,  Francisco,  Sgt.,  Serial  No.  6736039, 
Ilocano,  born  in  Abra,  age  24,  service  in  Army  four  years  at  Fort  William 
McKinley.  Had  fever  during  childhood  but  has  not  been  ill  since  he  became 
grown.  After  inoculation  his  temperature  was  normal  for  twelve  days. 
The  leukocyte  count  was  6,500  January  19,  6,350  January  21,  and  6,150 
January  24.     There  was  no  evidence  of  dengue. 

Filipino  volunteer  5. — Laureta,  Agustin,  Serial  No.  R-321311,  Ilocano, 
born  in  Abra,  age  32,  ten  years  service  in  Army  at  Fort  William  McKinley. 
"Never  sick  during  childhood.'*  Had  "trankaso"  in  1919  but  "never  had 
dengue."     After  inoculation  with  dengue  blood  the  temperature  remained 
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Fig.  31.    Experimental  dengue  in   Filipino 
volunteer  5. 


Fig.  32.    Experimental  dengue  in  Filipino 
volunteer  6. 


normal.  The  leukocyte  count  was  13,000  on  the  second  day,  6,600  on  the 
sixth,  and  5,700  on  the  eleventh.     There  was  no  evidence  of  dengue. 

Filipino  volunteer  6. — Fernando,  Pio,  Cpl.,  Serial  No.  R-310605,  Ilocano, 
born  in  Ilocos  Sur,  age  40,  service  in  Army  21%2  years  (Lanao,  1913-1916; 
Camp  McGrath,  1916-1919;  Fort  William  McKinley,  1919-1929).  Had 
fever  during  childhood,  also  malaria  in  1915.  Never  had  "trankaso"  or 
dengue.  After  inoculation  the  temperature  remained  normal.  The  leuko- 
cyte count  was  6,050  on  the  second  day,  6,100  on  the  tenth  day,  and  6,500 
on  the  eleventh  day.     There  was  no  evidence  of  dengue. 

Filipino  volunteer  7. — Fontanilla,  Jose,  Serial  No.  6736088,  Ilocano,  born 
in  Ilocos  Sur,  age  24,  service  in  Army  four  years  at  Port  William  McKinley. 
Never  sick  during  childhood,  but  had  "trankaso"  in  1918.  After  inocula- 
tion the  temperature  and  total  leukocyte  counts  were  normal  or  slightly 
elevated  for  twelve  days.     There  was  no  indication  of  dengue. 
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Filipino  volunteer  8. — Balosan,  Domingo,  Serial  No.  R-321024,  Uocano, 
born  in  Abra,  age  33,  service  in  Army  ten  years  at  Fort  William  McKinley. 
Had  "fever  with  aching  of  eyes  and  joints"  during  childhood  and  had 
"fever  in  1918."  After  inoculation  the  temperature  remained  normal  for 
twelve  days  and  the  lowest  leukocyte  count  obtained  was  5,450  on  the 
fourth  day.    There  was  no  evidence  of  dengue. 
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Fig.   33.    Experimental  dengue  in  Filipino 
volunteer  7. 


Fig. 


34.    Experimental  dengue  in   Filipino 
volunteer  8. 


Filipino  volunteer  9, — Reyno,  Pascual,  soldier  on  duty  at  Fort  William 
McKinley.  'No  history  of  dengue.  After  inoculation  the  temperature  re- 
mained normal  and  the  leukocyte  counts  were  decreased  slightly  after  the 
fifth  day.     However,  there  was  no  evidence  of  dengue. 

Filipino  volunteer  10, — Abad,  Jose,  Serial  No.  6610113,  Tagalog,  born  in 
Nueva  Ecija,  age  27,  lived  in  Cabanatuan,  Nueva  Ecija.  Service  in  Army 
nine  years  at  Fort  William  McKinley.  Had  "fever"  when  a  child;  also 
had  "chills  and  fever"  in  1917.  This  volunteer  was  injected  with  0.5 
cubic  centimeter  of  infective  dengue  virus  in  February,  1925,  by  Siler, 
Hall,  and  Hitchens,  but  showed  no  reaction.  After  the  present  inoculation 
the  temperature  remained  normal  for  twelve  days,  as  did  the  total  leuko- 
cyte count,  except  for  a  decrease  to  5,850  on  the  fourth  day.  The  leukocyte 
curve  in  this  man  was  not  considered  significant  of  dengue,  but  was 
thought  to  be  suggestive. 

Experiment  2, — Filipino  volunteer  12,  Sales,  Gervacio,  Ilocano,  bom  in 
Ilocos  Norte,  age  32,  service  in  Army  nine  years,  Fort  Mills  and  United 
States  Army  Medical  Department  Research  Board  in  Manila.  Had  "fever" 
during  childhood,  also  "chills  and  fever"  in  1924. 

February  9,  1929,  Sales  was  bitten  by  sixty-one  infective  Aedes  asgypti, 
lot  2,  which  had  taken  infective  blood  thirty-one  days  previously  from  an 
experimental  case  of  dengue  (A.V,  2-M)  during  the  first  day  of  the  disease. 
These  mosquitoes  produced  dengue  in  a  susceptible  American  volunteer 
(A.V.  4-Y). 
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35.     Experimental  dengue  in  Filipino 
volunteer  9. 
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36.     Experimental  dengue  in  Filipino 
volunteer  10. 


After  being  bitten  by  the  mosquitoes  the  temperature  of  F.V.  12-Sales. 
remained  normal  for  twelve  days,  excepting  a  rise  to  99.2'  F.  on  the  fifth 
day,  at  which  time  the  leukocyte  count  was  6,850.  There  was  no  evidence 
of  dengue.     Note:  This  man  was  used  later  in  experiment  5. 

Experiment  ^.—Filipino  volunteer  11,  Reyes,  Bonifacio,  Pangasinan,  born 
in  Pangasinan,  age  31,  service  in  Army  seven  years  ten  months,  at  United 
States  Army  Medical  Department  Research  Board,  Manila.  During  child- 
hood had  chicken  pox,  small  pox,  chills  and  fever;  also  had  fever  which 
he  thinks  was  "dengue,"  with  aching  of  eyes,  bones,  and  joints,  in  1919. 
1924,  and  1928. 

February  9,  1929,  was  bitten  by  fifty-six  infective  A.  segypti,  lot  3,  which 
thirty  days  previously  had  taken  blood  from  an  experimental  case  of 
dengue  (A.V.  1-H)  during  the  first  day  of  the  disease.  These  mosqui- 
toes  transmitted  dengue  to  a  susceptible  American  volunteer  (A.V.  3-A). 
After  he  had  been  bitten  by  the  infective  mosquitoes,  Reyes's  temperature 
and  lymphocyte  counts  remained  normal  for  at  least  twelve  days.  Note: 
This  man  was  used  later  in  experiment  6. 

INOCULATION'  OF  FILIPINOS   WITH   LARGE  AMOUNTS   OF   DENGUE  VIRUS   IN    AN 
ATTEMPT   TO  OVERCOME   THEIR   IMMUNITY 

Experiment  4.— April  16,  1929.  Blood  collected  in  sodium  citrate  from 
an  experimental  case  of  dengue  (A.V.  6-R)  on  the  first  day  of  the  disease, 
was  injected  into  three  Filipino  Scout  soldiers  as  follows: 

Filipino  volunteer  i7.— Yap,  A.,  was  injected  subcutaneously  with  6 
cubic  centimeters  of  the  blood.  This  man,  who  was  a  private  1st  class 
m  the  12th  Medical  Regiment,  was  born  in  Leyte,  age  31,  had  had  six 
years  service  in  the  Army  at  Fort  William  McKinley.  Previous  medi- 
cal history  and  physical  examinations  were  negative.  Three  days  after 
the  inoculation  of  infective  blood  Yap  was  admitted  to  hospital  complaining 
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of  headache  and  pain  in  his  bones  and  joints.  The  temperature  was 
101.6°  F.  on  this  day.  The  total  leukocyte  counts  on  the  fourth  and 
fifth  days  were  5,250  and  5,350,  respectively,  and  there  was  an  indefinite 
rash  over  his  body  on  the  day  of  admission.  Comment:  Symptoms  which 
might  be  ascribed  to  a  mild  attack  of  dengue  were  observed  in  this  Filipino 
after  the  subcutaneous  inoculation  of  5  cubic  centimeters  of  infective  blood, 
and  while  the  specific  nature  of  the  infection  was  not  proved,  it  is  believed 
that  dengue  occurred. 
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Fig.   37.     Experimental   dengue  in   Filipino   volunteer   17, 


Filipino  volunteer  IS. — Penas,  Eleodoro,  was  injected  intravenously  with 
0.5  cubic  centimeter  of  the  infective  blood  April  16.  This  man,  who  was 
a  private  in  the  12th  Medical  Regiment,  was  born  in  Camarines  Sur, 
age  26,  service  in  Army  five  years  at  Fort  William  McKinley.  Previous 
medical  history  and  physical  examination  negative.  Three  days  after  the 
inoculation  of  blood,  he  was  admitted  to  hospital  complaining  of  headache, 
pains  in  eyes  and  joints.  The  temperature  was  elevated  on  the  fourth, 
fifth,  and  sixth  days.  The  only  suggestive  leukocyte  counts  were  5,250 
on  the  seventh  day  and  6,050  on  the  eighth.  CJomment:  This  case,  like 
the  preceding  one,  presented  symptoms  which  suggested  the  possibility  of 
a  mild  dengue  infection. 

Filipino  volunteer  19, — De  los  Santos,  F.,  was  inoculated  subcutaneously 
with  8  cubic  centimeters  of  the  infected  blood  April  16.  This  man,  who 
was  a  private  in  the  12th  Medical  Regiment,  stationed  at  Fort  William 
McKinley,  was  observed  for  a  period  of  eleven  days,  during  which  he 
remained  well  and  had  normal  temperature  reactions  and  leukocyte  counts. 
There  was  no  indication  of  dengue. 


IMMUNITY 


155 


CXPERINENTAl  DEN6[JEFV.Noi8P£IYAS  J^UODORO 

U] 

"      99 
97 

PRELIMINARY 
OBSERVATION  PERIOD 

April  I6-0.5CC.  of  citrdtedblood(A.V.6-R)imecW 

H 

rn 
99 

97 

INCUBATION  1          DENGUE    FEVEf 

^ 

II 

)IL 

t 

Ji. 

15 

16 

17 

IS 

19 

2Q 

JL 

IL 

^ 

J£ 

Ji 

^ 

11 

^ 

A 

^ 

\ 

H 

^ 

^ 

^ 

19 

.„« 

,.„, 

10000 
9000 

^"" 

■MM 

10000 
9000 
8000 
7000 
6000  § 

ml 

3000 
2000 
1000 

TO 

FAL 

>>, 

ouuu 

7000 

^    6000 

^    5000 

^   Anno 

< 

V 

i 

r 

'^ 

U 

«•! 

Ai 

5 

^ 

^ 

T«e 

mi 

%1 

s— 

^ 

,^ 

*»* 

1 

^ 

/ 

l^^* 

k 

— '' 

v^^ 

*••. 

^•> 

^•r- 

->   4000 
■•   3000 

-cw 

ipffl 

^•- 

k/ 

^ 

\/ 

^' 

^» 

K 

.- 

-•^ 

■«^- 

N 

^•v 

"•1^- 

•• 

1000 
0 

^y 

\ 

\^ 

r 

r-^ 

-2S 

lOCV 

res 

I^»»ft 

\*f** 

•V'' 

Ai 

t" 

fX 

^•w 

0 

ISE 

»LE 

L. 

L. 

- 

Fig.  38.    Experimental  dengue  in   Filipino  volunteer   18. 
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Fig.  39.    Experimental  dengue  in  Filipino  volunteer  19. 


156 


EXPERIMENTAL  STUDIES  OF  DENGUE 


AN    ATTEMPT   TO    PRODUCE   DENGUE    IN   AN   IMMUNE  VOLUNTEER    BY    REPEATED 
FEEDINGS  OF  DENGUE-INFECTED  MOSQUITOES 

Experiment  5, — Filipino  volunteer  12,  Sales,  used  for  this  experiment 
was  a  technician  in  the  laboratory  of  the  board.  So  far  as  he  knew  he 
had  never  had  dengue,  but  stated  that  he  had  "fever"  during  childhood. 
Since  1928,  two  negative  attempts  were  made  to  infect  Sales  with  dengue; 
one  (a)  February  9,  1929,  when  he  was  bitten  by  sixty-one  dengue-infected 
A,  ssgypti  of  lot  2,  and  the  other  (b)  in  1929,  when  he  was  injected  sub- 
cutaneously  with  citrated  infective  blood  from  an  experimental  case  of 
dengue.  The  third  attempt  was  made  to  overcome  the  resistance  of  this 
individual  by  first  allowing  two  infective  mosquitoes  to  feed  on  him  and, 
later,  introducing  a  larger  dose  of  virus  by  allowing  a  large  number  of 
infected  mosquitoes  to  feed. 
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Fig.  40.    Experimental  densrue  in  Filipino  volunteer   11. 
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November  27  Sales  was  bitten  by  two  infective  A.  segypti,  lot  100,  which 
had  taken  blood  27  days  previously  from  an  experimental  case  of  dengue 
(A.V.  55-S),  during  the  first  day  of  the  disease.  November  30,  he  was 
bitten  by  eighty-nine  infective  A,  segypti,  lot  100.  Temperature  and  leuko- 
cj^e  count  records  made  from  November  27  to  December  7,  1929,  indicate 
that  this  man  failed  to  develop  even  a  mild  infection.  Comment:  This 
adult  Filipino  was  found  to  be  immune  to  repeated  doses  of  dengue  virus. 

AN    ATTEMPT    TO    PRODUCE   DENGUE    IN    AN    IMMUNE   FILIPINO    VOLUNTEER    BY 
REPEATED  DAILY  FEEDINGS   OF  INFECTIVE  MOSQUITOES 

Experiment  6. — Filipino  volunteer  11.  Reyes,  selected  for  this  experi- 
ment, was  a  laboratory  technician  who  for  six  years  had  assisted  in  handling 
the  mosquitoes  used  by  the  board  in  various  dengue  transmission  experi- 
ments. Private  Reyes  stated  that  he  had  had  dengue  fever  several  years 
previously. 

Since  1928  two  negative  attempts  were  made  to  infect  Reyes  with  den- 
gue: {a)  February  9,  1929,  he  was  bitten  by  fifty-six  dengue-infected  A. 
segypti,  lot  3,  and  (6)  later  in  1929,  he  was  inoculated  subcutaneously  with 
citrated  infective  blood  from  an  experimental  case  of  dengue.  He  remained 
well  following  both  tests. 

Present  test  November  19,  1929,  9.40  a.  m.  Bitten  by  ten  infective 
A.  asgypti  of  lot  104,  which  had  fed  eighteen  days  previously  on  an  experi- 
mental case  (A.V.  55-S),  during  the  first  day  of  dengue  fever;  temperature 
98°,  leukocyte  counts  normal  (7,400).  November  20,  8  a.  m.,  bitten  by 
nine  A,  segypti,  lot  104;  temperature  98.2°,  leukocytes  6,800.  November 
21,  8  a.  m.,  bitten  by  nine  A,  segypti,  lot  104;  temperature  9<8°,  leukocytes 
8,100.  November  22,  8  a.  m.,  bitten  by  ten  A.  segypti,  lot  104;  tempera- 
ture 98.4%  leukocytes  7,350.  November  23,  8  a.  m.,  bitten  by  thirty-five  A. 
segypti,  lot  104;,  temperature  98°,  leukocytes  8,100.  November  24,  8  a.  m., 
bitten  by  nine  infective  A.  segypti,  lot  100,  which  had  fed  twenty-four  days 
previously  on  an  experimental  case  (A.V.  55-S),  during  the  first  day  of 
dengue;  temperature  98.4°,  leukocytes  6,800.  November  25,  8  a.  m.,  bitten 
by  ten  A.  segypti,  lot  100;  temperature  97.9°,  leukocytes  increased  to  11,200. 
November  26,  8  a.  m.,  bitten  by  ten  A.  segypti,  lot  100;  temperature  97.3°, 
leukocytes  10,650.  November  27,  8  a.  m.,  bitten  by  eight  A.  segypti,  lot 
100;  temperature  97.7°,  leukocytes  9,900.  Following  this  ninth  feeding  of 
infective  mosquitoes,  the  volunteer  remained  well  for  at  least  five  months. 
There  was  no  elevation  of  temperature  and  no  leukopenia  during  ten 
days  following  the  last  biting.  Comment:  It  is  apparent  that  this  man 
possessed  a  strong  protective  immunity  against  infection  with  dengue. 

EXPERIMENTS  TO  DETERMINE  THE  POSSIBILITY  OF  PRODUCING  SYMPTOMLESS  DEN- 
GUE IN  APPARENTLY  IMMUNE  PHILIPPrNE  SCOUT  SOLDIERS  LIVING  IN 
ENDEMIC  AREAS 

Experiment  /. — March  25,  1929.  Four  volunteers,  F.V.  13,  Aguinaldo, 
Vicente;  F.V.  14,  Novilla,  Filomeno;  F.V.  15,  Villeza,  Cipriano;  and  F.V. 
16,  Villarin,  Candido,  were  admitted  to  the  experimental  ward  at  Sternberg 
Hospital.  The  following  day  (March  26)  they  were  each  bitten  by  ten 
infective  A.  segypti  of  lots  9  and  10.  As  shown  by  their  clinical  records, 
including  daily  temperature  and  leukocyte  counts,  there  was  no  clinical 
evidence  of  dengue  during  the  periods  of  subsequent  observation. 
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Fig.  41.     Experimental  dengue  in  Filipino  volunteer  12. 


(a)  Filipino  volunteer  IS, — Aguinaldo,  Serial  No.  6612777,  Ilocano,  bom 
in  Ilocos  Norte,  age  29,  service  in  Army  six  years  at  Fort  William  Mc- 
Kinley.  He  denied  ever  having  had  dengue  or  other  diseases.  However, 
an  old  hospital  chart  shows  that  he  at  one  time  had  a  positive  Wassermann 
reaction  and  had  received  treatment.  At  present  there  is  no  indication  of 
syphilis.  Intestinal  parasites  were  found  in  the  faeces.  March  25,  1929, 
he  was  bitten  by  seventy-nine  A.  ssgypti,  of  lot  10;  and,  as  indicated  by 
the  subsequent  temperature  reactions  and  leukocyte  counts,  there  was  no 
clinical  evidence  of  infection. 

(6)  Filipino  volunteer  H. — Novilla,  Filomeno,  Pvt.,  Co.  "E,"  57th  In- 
fantry, born  in  Malag,  Capiz,  age  24,  service  in  Army  six  months  at 
Fort  William  McKinley.  Had  "trankaso"  during  childhood  but  states 
that  he  has  had  no  other  illness.  Physical  examination  and  laboratory 
tests  showed  him  to  be  normal.  March  25,  1929,  bitten  by  one  hundred 
twenty-three  dengue-infective  A,  asgypti  of  lot  10.  Both  the  temperature 
reaction  and  leukocyte  counts  remained  normal  for  ten  days. 

(c)  Filipino  volunteer  15, — -Villeza,  Cipriano,  Pvt.,  35th  Ambulance  Co., 
12th  Medical  Rgt.,  bom  in  Lubao,  Pampanga,  age  26,  service  in  Army 
seven  years  at  Fort  William  McKinley.  Denied  having  had  dengue  or 
other'  diseases,  except  operation  for  stone  in  bladder  or  kidney.    Physical 
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examination  at  present  time  showed  no  abnormality,  except  intestinal 
parasites,  glandular  enlargement,  and  a  doubtfully  positive  Wassermann 
reaction.  March  25,  1929,  he  was  bitten  by  fifty-eight  dengue-infective 
A,  ssgypti  of  lot  9,  after  which  the  temperature  and  leukocyte  counts 
remained  normal  for  at  least  ten  days. 

(d)  Filipino  vohinteer  16. — Villarin,  Candido,  Pvt.,  Co.  "E,"  57th  In- 
fantry, bom  in  Dumarao,  Capiz,  age  28,  service  in  Army  nine  years  at 
Fort  William  McKinley.  Previous  medical  history  negative,  except  for 
arthritis  in  1926.  Present  examination  negative,  except  for  intestinal  para- 
sites. March  26,  1929,  he  was  bitten  by  thirty-seven  dengue-infective 
A,  SBffypti  of  lot  9,  after  which  both  temperature  and  leukocyte  counts 
remained  normal  for  at  least  ten  days. 

DAILY  TESTS  FOR  VIRUS  IN  THE  BLOOD  OF  FILIPINO  VOLUNT^SEIRS  13,  14,  AND 
16  (experiment  7)  FOR  TEN  DAYS  AFTER  THEY  WERE  BITTEN  BY  INFEC- 
TIVE AEDBS. 

Test  i. — One  cubic  centimeter  of  blood  was  collected  in  citrate  every 
day  from  each  of  the  three  Filipino  volunteers.  March  29  the  blood 
specimens  collected  during  the  first  three  days  were  pooled  and  passed 
through  a  preliminary  type  of  Mandler  filter,  after  which  0.5  cubic  centi- 
meter was  injected  subcutaneously  into  a  susceptible  American  volunteer 
(A.V.  5-M).    Dengue  did  not  develop. 

Test  2, — Blood  specimens  collected  from  each  of  the  three  Filipinos  on 
the  fourth,  fifth,  and  sixth  days  after  they  were  bitten  by  infective 
mosquitoes  were  pooled,  filtered,  and  injected  into  a  susceptible  American 
volunteer  (A.V.  6-R)  with  similar  negative  results. 

Test  3. — Blood  collected  from  each  of  the  Filipinos  on  the  seventh, 
eighth,  ninth,  and  tenth  days  was  filtered  and  injected  into  an  American 
volunteer   (A.V.  7-M).     He  was  later  shown  to  be  immune. 

Test  U' — Normal  A.  segypti  were  fed  on  each  of  the  three  Filipino  vol- 
unteers each  day  throughout  the  experiment.  April  16  all  of  the  one-, 
two-,  and  three-day  mosquitoes  were  combined  and  called  lot  13;  and 
eighty-three  fed  on  a  susceptible  American  volunteer  (A.V.  8-G) .  Dengue 
did  not  develop. 

Test  5. — April  20,  ninety- three  A.  segypti  of  the  combined  groups  desig- 
nated lot  14,  which  had  taken  blood  from  the  Filipinos  on  the  fourth, 
fifth,  and  sixth  days,  fed  on  a  susceptible  American  volunteer  (A.V.  9-D) 
with  similar  negative  results. 

Test  6. — April  23,  one  hundred  sixty  A,  segypti  of  the  combined  lots 
designated  as  lot  15,  which  had  taken  blood  from  the  Filipinos  on  the 
seventh,  eighth,  ninth,  and  tenth  days,  bit  a  susceptible  American  volun- 
teer (A.V.  12r-S)  and  failed  to  cause  dengue. 

Comment, — ^It  is  apparent  that  the  immunity  of  these  Filipinos  was 
sufficient  not  only  to  prevent  the  development  of  symptoms  of  dengue, 
but  to  prevent  sufficient  development  of  the  virus  to  infect  normal  mos- 
quitoes. 

Experiment  8, — August  6,  1929.  Ten  Philippine  Scout  soldiers  were 
each  bitten  by  from  eight  to  ten  infective  A,  aegypti  of  lots  30  and  32, 
which  had  transmitted  dengue  to  American  volunteers  (A.V.  20-B  and 
A.V.  28~P,  respectively).     Six  days  later,  August  12,  each  of  these  Fili- 
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Fig.  42.    Experimental    dengue    in    Filipino 
volunteer  13. 


Fig.  44.    Experimental  dengue  in  Filipino 
volunteer  15. 
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Fig.  43.    Experimental  dengue  in  Filipino 
volunteer  14. 


Fig.  45.    Experimental  dengue  in  Filipino 
volunteer  16. 


pines  was  inoculated  intravenously  with  0.5  cubic  centimeter  amounts  of 
citrated  infective  blood  collected  about  two  hours  earlier  from  an  experi- 
mental case  of  dengue  (A.V.  27-P),  during  the  first  day  of  the  disease. 
Records  of  daily  temperatures  and  total  leukocyte  counts  were  made  between 
August  6  and  21.  Several  of  the  men  had  temperatures  as  high  as  99  to 
99.8°  F.  at  irregular  intervals,  but  none  of  them  complained  of  any  illness. 
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In  two  instances  the  leukocyte  counts  were  less  than  6,000  on  the  third 
and  fourth  days.  There  was  no  clinical  evidence  to  indicate  that  any  of 
these  men  developed  dengue,  either  from  the  bites  of  infective  mosquitoes 
or  from  the  subsequent  intravenous  inoculations  with  infective  dengue 
blood. 

Nevertheless,  different  groups  of  normal  A.  asgypti,  called  lots  93  a,  6, 
<J>  d,  e,  /,  g,  h,  and  i,  respectively,  were  allowed  to  feed  daily  on  each  man 
during  the  third,  fourth,  fifth,  and  sixth  days  after  the  bitings  with  in- 
fective mosquitoes,  while  other  groups  designed  a^s  lots  94  a,  b,  c,  d,  e,  /, 
g,  h,  and  i,  respectively,  were  fed  on  the  ten  men  during  the  fourth,  fifth, 
sixth,  and  seventh  days  after  the  blood  inoculations. 

The  ten  cages  containing  the  various  sublots  of  A.  ssgypti  No.  93  were 
applied  August  26  and  again  September  5  to  the  arms  and  legs  of  a  suscep- 
tible American  volunteer  (A.V.  37-M).  On  the  latter  date  forty-five, 
forty-three,  forty-five,  thirty-seven,  forty-one,  forty-two,  thirty-eight,  twenty, 
thirty-six,  and  fifty  of  lot  93  mosquitoes,  respectively,  took  blood.  As 
dengue  did  not  result  from  these  feedings,  and  the  volunteer  was  later 
proven  susceptible,  it  was  considered  likely  that  infective  virus  had  not 
been  present  in  the  blood  of  the  Filipinos,  on  the  third,  fourth,  fifth,  or 
sixth  days  after  the  biting  experiments. 

Eight  of  the  ten  sublots  of  No.  94  were  tested  similarly  for  infectivity 
September  5  by  feeding  them  on  a  susceptible  volunteer  (A.V.  41-F).  Of 
the  respective  sublots,  twenty-eight,  thirty-seven,  thirty,  twenty-six,  forty- 
one,  twenty-five,  forty-two,  and  eighteen  mosquitoes  bit  this  volunteer  but 
failed  to  cause  dengue.  The  susceptibility  of  A.V.  41-F  was  later  proved 
by  the  fact  that  he  developed  typical  dengue  following*  the  feeding  of  a 
known  infected  lot  of  A.  segypti. 

Comment, — It  is  believed  that  these  ten  Filipinos  were  completely  im- 
mune to  dengue. 

From  these  various  experimental  attempts  to  produce  dengue 
in  adult  Filipinos  living  in  endemic  areas,  it  may  be  concluded 
that  such  individuals  are  usually  immune  and  that  their  im- 
munity is  sufficiently  strong  to  protect  them  against  relatively 
large  amounts  of  infective  virus. 

(B)    THE  SUSCEPTIBILITY  TO  DENGUE  OP  NATIVES  LIVING  IN  LOCATIONS  WHERE 
THE  DISEASE  IS   NOT  ENDEMIC 

In  order  to  obtain  more  information  as  to  whether  immunity 
to  dengue  might  be  a  natural  racial  characteristic  of  natives  of 
the  Philippines,  transmission  experiments  were  carried  out  with 
other  natives  living  near  Baguio  in  the  mountains  of  northern 
Luzon,  a  locality  that  is  supposed  to  be  free  from  dengue.  Before 
these  experiments  were  begun  an  Igorot  was  seen  suffering  with 
dengue  contracted  in  the  lowlands.    His  history  was  as  follows : 

A  case  of  naturally  acquired  dengue  in  a  Bontoc  Igorot, — April  17,  1929, 
a  Bontoc  Igorot  boy,  Howard  Fomokao,  about  22  years  of  age,  reported 
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to  the  hospital  at  Camp  John  Hay,  Mountain  Province,  with  a  temperature 
of  100.2°  F.,  a  pronounced  generalized  punctate  and  confluent  macular 
rash,  and  a  typical  history  of  dengue.  A  leukocyte  count  taken  at  this 
time  indicated  a  definite  l-eukopenia;  total  4,550,  lymphocytes  58  per  cent, 
and  granulocytes  42  per  cent.  Other  examinations  were  negative.  This 
individual  had  lived  in  Bontoc  at  an  elevation  of  over  5,000  feet,  until 
1919,  when  he  moved  to  Baguio  (elevation  about  5,000  feet).  He  stayed  in 
Baguio  until  1927  when  he  went  to  Fort  William  McKinley  (elevation 
not  more  than  125  feet)  Where  he  worked  as  a  "house-boy."  He  was 
never  ill  until  Sunday,  April  14,  1929,  at  which  time  he  had  started  to 
return  to  Baguio.  During  the  trip  up  the  mountain  he  became  feverish 
and  dizzy,  his  eyes  hurt,  and  all  his  bones  and  joints  ached.  There  was 
no  rash  at  that  time.  Monday,  April  15,  the  aching  was  less  severe,  but 
his  eyes  burned  and  the  calves  of  his  legs  felt  stiff.  Tuesday,  April  16, 
he  had  no  pain,  but  felt  weak  and  dizzy.  He  was  seen  at  Camp  John 
Hay  Wednesday  (April  17)  during  the  last  day  of  a  typical  case  of  dengue. 
The  following  day  (Thursday,  April  18)  his  temperature  was  normal  and 
he  felt  well;  however,  his  leukocyte  count  was  still  low:  Total  cells  3,975, 
lymphocytes  45  per  cent,  granulocytes  50  per  cent.  Blood  cpllected  this 
date  was  sent  by  mail  to  Manila  where  it  was  inoculated  into  a  susceptible 
volunteer  with  negative  results.  However,  this  failure  does  not  indicate 
that  the  infeqtion  was  not  dengue,  as  the  blood  was  collected  late  in  the 
disease  and  was  not  inoculated  for  at  least  thirty-six  hours  after  collection. 
Comment. — The  susceptibility  of  this  Igorot,  indicated  by  a  typical 
case  of  dengue  was,  no  doubt,  due  to  the  fact  that  he  had  spent  all  of  his 
previous  life  in  a  dengue-free  locality  and  had  not  been  infected  previously. 
Dengue  was  contracted  at  Fort  William  McKinley  or  in  Manila  and  de- 
veloped during  his  return  to  the  mountains. 

EXPERIMENTAL 

After  some  difficulty  four  of  the  rather  primitive  Ifugao  boys, 
from  the  barrio  at  Camp  John  Hay  near  Baguio,  agreed  to  vol- 
unteer for  the  following  transmission  experiments. 

Experiment  S>.— April  21,  1929,  5  p.  m.  F.V.  1-  "Thomas,"  an  Ifugao 
Igorot  boy  about  15  years  old,  who  was  born  at  Banaui  and  had  never 
been  out  of  the  mountains,  was  bitten  by  seven  infective  A.  segypti,  lot  9, 
which  fifty-six  days  earlier  had  ingested  blood  from  an,  experimental  case 
of  dengue  (A.V.  3-A),  during  the  first  day  of  the  disease.  Mosquitoes 
of  this  same  lot  had  already  been  proved  infective  by  transmission  experi- 
ments with  an  American  volunteer  (A.V.  6-R).  After  an  incubation 
period  of  six  days,  Thomas  developed  typical  symptoms  of  a  severe  case 
of  dengue.  The  temperature  reached  a  peak  of  103.4°  F.  the  afternoon  of 
April  27  and  after  a  gradual  decline  to  normal  April  30  again  rose  to  103.6° 
May  2.  The  total  leukocyte  counts,  which  had  been  high  during  the  in- 
cubation period,  showed  a  steady  decrease  after  the  beginning  of  the 
fever,  reaching  4,700  the  afternoon  of  April  30.  Headache,  and  pain 
in  the  eyes  and  joints,  were  extreme.  April  28,  both  parotid  glands  became 
so  swollen  as  to  suggest  the  appearance  seen  in  mumps,  but  this  swelling 
subsided  within  a  few  days.  The  duration  of  the  fever  was  five  and  one- 
half  days. 
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Fig.  46.    Experimental  dengue  in  Ifugao 
volunteer   1. 


Experiment  10. — April  21,  1929, 

5  p.  m.  F.V.  2-  "Banig,''  an  Igorot 

boy  about  17  years  old,  who  was 

born    at    Banaui,    and    had    never 

been  -  out   of    the    mountains,    was 

bitten  by  six  infective  A.  segypti, 

lot  9.     At  the  time  of  this  biting 

Banig  had  a  respiratory  infection 

with  a  temperature  of  101°  F.  and 

a    leukocyte   count   of    10,000.     By 

April    25    both    temperature    and 

leukocyte  counts  were  normal.     Af- 
ter an  incubation  period  of  five  and 

one-quarter  days  dengue  began  the 

afternoon  of  April  27,  with  head- 
ache,   pain    in    eyes,    bones,    and 

joints,  and  a  temperature  of  101.2° 

F.     From  this  time  on  there  was  a 

steady  decline   in  the  total  leuko- 
cyte   count,    which   was    4,700    the 

morning  of  April  29.     In  this  case 

the  fever  lasted  four  days. 

Experiment  11. — April  21,  1929, 

5   p.  m.   F.V.   3-  "Pusayen,''  an   Ifugao  Igorot  boy  about   17   years   old, 

who  was  born  at  Banaui  and  had  never  left  the  mountains,  was  bitten 

by  six  infective  A.  segypti,  lot  9. 
The  following  day  the  ring  forms 
of  Plasmodium  falciparum  were 
found  in  blood  smears.  After  an 
incubation  period  of  five  and  one- 
quarter  days  dengue  began  and  Pu- 
sayen  was  admitted  to  the  hospital 
with  headache,  backache,  pains  in 
the  eyes,  temperature  102.4°  F., 
and  a  leukocyte  count  of  5,900. 
There  was  some  enlargement  of 
the  parotid  glands.  The  fever  per- 
sisted, and  April  28  Pusayen  had 
profuse  nose  bleed  twice  during 
the  afternoon.  The  morning  of 
May  1  he  was  discharged  from  the 
hospital  but  returned  that  after- 
noon with  renewal  of  symptoms 
and  was  readmitted  the  next  day. 
The  duration  of  fever  in  this  case 
was  five  days.  Leukopenia  lasted 
for  five  days  and  reached  a  low 
point  of  4,600. 

Experiment  i;^.— April  26,  1929. 
F.V.  4-  "Basilan,"  an  Ifugao  Igo- 
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Fig.  48.    Experimental  dengue  in  Ifugao 
volunteer  3. 

that  is  probably  free  from  the 
ity  observed  in  natives  living 
quired  by  previous  infection. 
It  is  believed  that  this  explan- 
ation, advanced  by  Siler,  Hall, 
and  Kitchens,  is  probably 
correct  and  that  the  natives 
in  the  vicinity  of  Manila  and 
elsewhere  probably  become 
infected  during  childhood  or 
early  adult  life  and  conse- 
quently develop  a  strong  im- 
munity to  dengue.  It  is  of 
interest  to  note  that  lower 
animals,  including  mice,  gui- 
nea pigs,  rabbits,  and  mon- 
keys living  in  places  where 
they  may  be  exposed  to  den- 
gue have  invariably  been  just 
as  resistant  to  experimental 
infection  as  were  the  Philip- 
pine Scout  volunteers,  while 
certain  monkeys  from  Japan 


rot  boy  about  17  years  old,  who 
was  born  in  Banaui  and  had  never 
been  out  of  the  mountains,  was  bit- 
ten by  five  infective  A.  SBgypti,  lot 
9.  After  about  four  days  incuba- 
tion dengue  fever  developed.  The 
exact  time  cannot  be  determined 
accurately  as  "Basilan"  failed  to 
report  April  30  and  May  1,  and 
stated  that  he  had  been  sick  in  his 
house  in  the  barrio.  When  admit- 
ted to  hospital  May  2,  he  had 
symptoms  of  dengue  which  persist- 
ed for  four  more  days. 

COMMENT 

The  last  four  experiments 
in  which  a  few  infective  mos- 
quitoes produced  typical  den- 
gue in  each  of  four  natives 
from  a  part  of  the  Philippines 
disease,  indicate  that  the  immun- 
in  endemic  areas  is  probably  ac- 
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and  from  the  mountains  of  northern  Luzon  have  been  proved 
susceptible.  In  one  instance,  it  was  proved  that  a  Japanese 
monkey  (Macacus  fuscatus  2-W)  developed  immunity  as  a  re- 
sult of  an  infection  transmitted  by  lot  52  Aedes  ^egypti,  about 
two  weeks  previously. 

Considering  the  wide  distribution  of  dengue  and  the  many 
opportunities  for  mild  or  unrecognized  infections  in  man  and 
lower  animals,  it  will  require)  more-conclusive  evidence  than  has 
been  offered  in  the  past  to  prove  that  immunity  to  dengue,  even 
in  animals  other  than  man  and  monkey,  is  natural  rather  than 
acquired. 

PART  IL  CLINICAL  AND  EPIDEMIOLOGICAL  OBSERVATIONS  CONCERNING 
THE  POSSIBILITY  OF  REPEATED  INFECTIONS  WITH  DENGUE 

For  more  than  one  hundred  years  various  observers  have 
called  attention  to  the  occurrence  of  second,  third,  and  fourth 
attacks  of  clinical  dengue  in  a  certain  proportion  of  individuals. 
Dengue  relapses  and  recurrences  within  short  periods  of  time 
have  been  reported  by  Kennedy (15)  (1825),  Sandwith(l)  (1888), 
Skattowe(8)  (1890),  Godding(2)  (1890),  and  others.  However, 
Ashburn  and  Craig  (13)  in  1907  made  the  following  remarks 
concerning  the  possibility  of  mistakes  in  reporting  recurrences 
of  dengue: 

The  correctness  of  reports  of  cases  in  which  attacks  have  occurred  a 
month  apart  we  very  much  doubt.  We  had  about  six  patients  sent  back 
to  us  after  such  periods,  supposed  to  be  suffering  from  second  attacks, 
but  in  no  case  was  it  so.  The  "second  attack"  was  usuaUy  a  "malarial 
proxysm."  Cleland(16)  (1923)  obsei*ved,  concerning  dengue,  that  one  or 
two  relapses  may  occur  after  a  primary  attack,  and  that  second  attacks 
after  an  interval  of  a  month  or  longer  are  probably  reinfections;  but 
"neither  relapses  nor  early  reinfections  are  common."  He  also  remarked 
that  "considerable  diversity  of  opinion  exists  as  to  the  duration  of  im- 
munity, some  considering  there  is  little  or  none,  and  others  that  a  pre- 
vious attack  may  afford  some  considerable  degree  of  protection  after  21 
and  even*  32  years." 

Siler,  Hall,  and  Hitchens(l2)  (1926),  after  a  careful  analysis 
of  the  records  of  several  hundred  American  soldiers  stationed 
in  Manila,  arrived  at  the  following  conclusions  : 

Our  second  epidemiological  study  indicates  that  under  military  con- 
ditions in  Manila,  persons  coming  from  the  United  States  are  attacked 
during  their  first  year  to  the  extent  of  about  40  per  cent.  Of  those  who 
had  one  attack,  30  per  cent  may  expect  a  second;  of  those  who  have  had 
two  attacks  a  certain  percentage  may  expect  a  third;  a  few  may  have 
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four  attacks,  but  our  figures  are  not  sufficiently  large  to  make  a  percentage 
estimate  more  than  suggestive. 

In  1929  the  present  research  board  made  use  of  a  question- 
naire sent  to  a  selected  group  of  the  leading  American  and  Eu- 
ropean civilian  residents  of  Manila  in  an  attempt  to  obtain  data 
concerning  their  personal  experiences  with  dengue  fever.  Three 
huhdred  seventy-nine  individuals  who  had  lived  in  the  Philip- 
pines for  periods  of  from  one  to  thirty-five  years  answered  the 
questions,  which  included  age,  birthplace,  length  and  places  of 
residence  in  the  Philippines,  number  of  attacks  of  dengue  in  the 
Philippines  and  elsewhere,  including  dates,  clinical  symptoms, 
and  remarks  as  to  whether  or  not  the  diagnosis  was  made  by  a 
physician,  and  if  so  whether  leukocyte  counts  were  made.  The 
results  of  an  analysis  of  these  reports  are  shown  in  Table  22. 

The  fact  that  only  63.9  per  cent  of  the  "infections"  reported 
were  diagnosed  by  physicians,  and  that  the  diagnosis  was  con- 
firmed by  leukocyte  counts  in  only  5.7  per  cent,  of  course, 
detracts  from  the  value  and  accuracy  of  these  observations. 
However,  the  report  furnished  by  Dr.  H.  E.  Stafford,  who  has 
been  one  of  the  leading  physicians  of  Manila  since  the  Spanish- 
American  War,  is  of  decided  interest.  Doctor  Stafford  stated 
that  he  had  had  two  or  possibly  three  attacks  of  dengue,  the 
first  in  1900,  the  second  about  1903,  and  the  third  before  1906, 
each  characterized  by  fever  of  about  five  days  duration,  with 
aches  or  pains  in  the  head,  eyes,  bones,  and  muscles,  moderate 
aching  of  the  joints,  slight  chilliness  at  onset,  and  no  digestive 
disturbances.  Rash  did  not  occur  at  onset,  but  was  present  at 
end  of  fever,  which  was  not  of  the  "saddle  back''  type.  The 
diagnosis  was  made  from  the  appearance  of  the  rash,  and  leuko- 
cyte counts  were  not  made.  He  also  added  the  following  re- 
mark :  "This  was  the  usual  history  of  two  or  three  hundred 
cases  under  my  care  in  the  Civil  Hospital  when  I  was  chief 
surgeon  of  the  same." 

From  the  various  clinical  and  epidemiological  reports  and 
opinions  available  on  the  subject,  it  appears  that  there  is  a 
widespread  belief  that  many  individuals  may  suffer  with  more 
than  one  attack  of  dengue  in  a  short  period  of  time.  If  correct 
this  could  indicate  that  the  immunity  produced  by  a  single  at- 
tack may  be  slight  and  of  short  duration. 

However,  a  careful  analysis  of  the  clinical  records  of  patients 
admitted  to  Sternberg  General  Hospital  between  April  1,  1927, 
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TABLE  22. — Reinfections  with  **dengue,**     Report  of  personal  experiences  of 

residents  of  Manila, 


Residence 
in  Philip- 
pines. 

Number 

of 
persons. 

"Never  had 
dengue." 

"Had  only 
one  attack." 

"Had  two 
attacks." 

"Had  three 
attacks." 

"Had  four 
attacks." 

■■ 

Years. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

1-5 

6-10 

11-15 

16-20 

21-25 

26-30 

31-35 

1-35 

23 

28 

31 

15 

18 

14 

9 

13 

9 

21 

11 

2 

3 

6 

6 

8 

9 

12 

11 

16 

8 

7 

7 

6 

6 

8 

7 

8 

18 

16 

115 

66 

28 

56 

34 

57 

23 

379 

10 
10 
12 
5 
6 
3 
2 
6 
2 
6 

P.cL 

43,5 

35.71 

38.70 

33.33 

33.3 

21.43 

22.22 

46.16 

22.22 

28.57 

13 
12 
12 
6 
9 
7 
1 
3 
4 
5 
5 

P.d. 

56.5 

42.85 

38.70 

40 

50 

50 

11.11 

23.07 

44.44 

23.80 

45.45 

P.d. 

P.et. 

P.d. 

6 
7 
4 
3 
4 
3 
2 
2 
7 
4 

21.43 

22.57 

26.66 

16.7 

28.57 

33.33 

15.38 

22.22 

33.32 

36.36 



3 
2 

1 
3 

2 

1 

33.33 
15.38 
11.11 
14.28 
18.18 
50 

1 

1 

2 

1 

3 

4 

3 

3 

6 

1 

2 

3 

2 

3 

3 

2 

3 

4 

6 

43 

19 

5 

19 

11 

18 

10 

125 

50 

33.3 

33.33 

16.6 

37.5 

44.44 

24.99 

27.27 

37.50 

12.5 

28.57 

42.85 

33.34 

49.98 

37.5 

28.57 

37.5 

22.22 

37.50 

37.3 

28.78 

17.85 

33.93 

32.35 

31.57 

43.5 

32.98 

1 

1 

3 

3 

3 

4 

6 

4 

4 

2 

4 

4 

1 

5 

3 

4 

8 

5 

52 

20 

10 

20 

15 

25 

6 

148 

33.3 

16.66 

49.8 

37.5 

33.33 

33.33 

54.54 

25 

50 

28.57 

67.15 

66.66 

16.66 

62.6 

42.85 

50 

44.44 

31.26 

45.4 

30.3 

35.71 

35.72 

44.1 

43.86 

^6.1 

39.0 

1 
1 
1 
1 
1 
2 
2 
4 
3 
3 

33.3 

16.66 

16.6 

12.6 

11.11 

16.66 

18.18 

25 

37.5 

42.85 

2 

1 

33.33 
16.6 

1 

12.6 

1 
2 

11.11 
16.66 

1 

8.33 

2 

12.50 

.-     _ 

1 

16.66 

1 

16.66 

1 

14.28 

1 

1 
2 
4 

14.28 
12.5 
11.11 
14.1 

4 

1 
20 
18 

7 
10 

6 
,6 

3 
70 

22.22 
6.25 
17.3 
27.27 
25 

17.86 
17.6 
10.5 
13.04 
18.47 

9 
6 
5 
1 
8 
2 
31 

13.63 
21.42 
8.93 
2.9 
14.1 
8.69 
8.18 

2 

1 

3.57 
2.9 

2 
6 

8.69 
1.32 

and  April  1,  1930,  fails  to  entirely  substantiate  this  opinion. 
The  results  of  this  study,  which  was  made  by  Capt.  Mack  M. 
Green,  M.  C,  attending  surgeon  for  the  City  of  Manila,  are 
given  below. 
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AN   ANALYSIS  OP  REINFECTIONS  REPORTED   AMONG    1258   CASES   DIAGNOSED 
"dengue  PEJVER".  at  the   STERNBERG  GENERAL   HOSPITAL,   MANILA,  P.  I. 

'Trom  an  analysis  of  the  records  of  the  Sternberg  General 
Hospital,  Manila,  P.  L,  between  April  1,  1927,  and  April  1,  1930, 
it  was  found  that  over  one  thousand  two  hundred  fifty-eight 
individuals  were  admitted  with  a  diagnosis  of  dengue.  Eighty- 
three  of  these  individuals  had  been  readmitted  to  the  hospital 
at  various  times  and  given  a  second  diagnosis  of  dengue  by  the 
ward  surgeon,  while  four  came  into  the  hospital  a  third  time 
with  conditions  which  were  called  dengue.  A  careful  study  of 
the  hospital  records  of  the  eighty-three  persons  readmitted 
showed  that  only  twenty  of  them  had  leukocyte  counts  below 
6,000  during  both  periods  of  hospitalization.  As  a  rule  only 
one  blood  count,  taken  on  the  day  of  admission  to  the  ward,  was 
recorded. 

"The  following  table  (No.  23)  shows  the  results  of  this  study. 

"As  shown  above,  patients  3  and  20  became  ill  with  symptoms 
of  dengue  one  week  after  their  discharge  from  hospital,  and  it 
is  believed  that  they  may  be  considered  as  relapses.  Patient  6 
had  a  mild  headache,  temperature  101,  and  cramplike  pains  in 
abdomen  on  admission,  with  no  other  symptoms.  The  fever 
lasted  only  twenty-four  hours  and  was  normal  until  date  of 
discharge  four  days  later.  It  is  noted  from  the  clinical  record 
that  this  patient's  symptoms  began  after  a  midnight  meal  of 
sandwiches  and  beer  and  it  seems  quite  probable  that  the 
diagnosis  should  have  been  gastritis,  instead  of  dengue.  The 
diagnosis  was  presumably  made  because  of  the  headache  and 
leukopenia.  Patient  8  was  diagnosed  as  dengue  on  three  dif- 
ferent occasions.  The  last  two  admissions,  which  were  separated 
by  an  interval  of  only  nine  days,  probably  represented  a  relapse. 
Patient  14,  on  second  admission,  had  a  mild  headache  with  no 
other  symptoms.  This  man  remained  in  the  hospital  twenty- 
two  days  and  from  a  study  of  the  clinical  record  apparently  had 
a  mild  back  strain.  The  diagnosis  of  dengue  was  made  from 
symptoms  of  backache  and  from  the  white  blood  count.  Patient 
15  was  a  syphilitic  case  of  long  standing  who  had  been  given 
four  complete  courses  of  treatment  with  salvarsan  and  mercury. 
This  patient  was  admitted  several  months  later  to  another  ward 
with  cerebro-spinal  syphilis. 

"From  a  study  of  these  clinical  records  and  from  the  above 
findings,  I  believe  it  is  unwise  in  a  great  many  cases  to  make 
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a  diagnosis  of  dengue  from  a  clinical  standpoint  alone  or  from 
a  single  white  blood  count. 

"Dengue  must  be  differentiated  from  measles,  influenza,  cer- 
ebro-spinal  meningitis,  cerebro-spinal  syphilis,  typhus  and  ty- 
phoid fever,  acute  rheumatic  fever,  arthritis,  seven-day  fever, 
syphilitic  roseola,  phlebotomus  fever,  malaria,  and  yellow  fever. 

CONCLUSIONS 

1.  "This  study,  based  on  the  hospital  records  of  1,258  indivi- 
duals diagnosed  as  'dengue'  during  a  period  of  three  years, 
shows  that  only  6.5  per  cent  were  subsequently  ill  with  condi- 
tions called  'dengue,'  and  of  those  .readmissions  only  1.5  per 
cent  had  leukocyte  counts  below  6,000  during  both  the  first  and 
later  illnesses. 

2.  "A  critical  review  of  the  records  of  the  twenty  patients 
who  had  leukopenia  during  both  the  first  and  subsequent  admis- 
sions to  hospital  indicate  that  even  in  certain  of  these  there  was 
some  doubt  as  to  whether  dengue  had  occurred  more  than  once. 
In  two  of  the  individuals  the  intervals  between  attacks  were  so 
short  that  they  might  have  represented  relapses  of  the  original 
infection;  nine  patients  had  other  infections,  including  coryza, 
pharyngitis,  tonsillitis,  pleurisy,  gastro-enteritis,  and  syphilis, 
which  could  have  caused  confusion  in  the  diagnosis',  while  the 
remaining  nine  patients  had  clinical  symptoms  of  dengue  both 
times.  Thus  only  nine,  or  0.072  per  cent,  of  the  1,258  indivi- 
duals were  readmitted  for  what  appeared  clinically  to  be  typical 
reinfections  with  dengue." 

This  contribution  by  Captain  Green  emphasizes  the  difficul- 
ties often  encountered,  even  under  the  best  of  conditions,  in 
arriving  at  an  accurate  clinical  diagnosis.  Because  of  the  added 
possibility  that  certain  febrile  infections  showing  all  of  the 
symptoms,  including  the  rash  and  the  progressive  leukopenia 
considered  typical  of  dengue,  may  be  due  to  entirely  different 
eitological  agents  or  to  denguelike  viruses,  it  is  obvious  that  any 
final  conclusions  concerning  the  specific  immunity  produced  by 
a  single  attack  of  dengue  should  be  based  on  controlled  experi- 
mental attempts  to  reinfect  individuals  who  have  previously  had 
typical  dengue,  caused  experimentally  by  a  known  strain  of 
dengue  virus. 

Several  workers  have  attempted  to  produce  experimental  den- 
gue in  individuals  who,  according  to  their  histories,  had  al- 
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ready  suffered  with  naturally  acquired  infections.  For  example, 
Ashburn  and  Craig(i3)  (1907)  induced  dengue  in  one  individual 
who  said  he  had  had  three  attacks,  the  last,  two  and  one-half 
years  previously.  Siler,  Hall,  and  Kitchens  (12)  (1926)  inocu- 
lated dengue  virus  into  each  of  eight  individuals,  who,  according 
to  their  clinical  records,  had  suffered  with  spontaneous  attacks 
diagnosed  as  dengue  fifty  to  one  hundred  forty-eight  days 
earlier.  As  a  result  of  the  experimental  inoculations,  four,  or 
50  per  cent,  of  these  men  developed  dengue. 

PART  III.  EXPERIMENTAL  OBSERVATIONS  CONCERNING  THE  IMMUN- 
ITY PRODUCED  BY  A  SINGLE  ATTACK  OF  DENGUE 

In  striking  contrast  to  the  general  opinion  concerning  the 
shortness  of  dengue  immunity,  based  on  clinical  and  statistical 
observations,  are  the  results  of  the  following  studies  in  which 
individuals  who  had  suffered  from  experimentally  induced  at- 
tacks of  dengue,  were  later  tested  for  immunity  by  the  inocu- 
lation of  materials  known  to  contain  infective  dengue  virus. 
Cleland,  Bradley,  and  McDonaId(i3)  (1918),  using  infective  se- 
rum and  corpuscles  from  a  case  of  dengue,  inoculated  0.5  cubic 
centimeter  subcutaneously  into  a  volunteer,  who  twenty-four 
days  previously  had  had  a  typical  attack,  produced  by  a  similar 
injection  of  infective  materials.  This  man  was  found  to  be 
immune.  Later  (1919),  these  authors(3)  inoculated  about  0.5 
cubic  centimeter  of  diluted  infective  serum  in  an  attempt  to  re- 
infect an  individual  in  whom  dengue  had  been  produced  experi- 
mentally by  mosquitoes  seven  and  one-half  months  previously. 
Negative  results  were  also  obtained  in  this  experiment,  indi- 
cating that  the  immunity  produced  by  the  experimental  attack 
protected  against  reinfection  for  at  least  229  days. 

Siler,  Hall,  and  Hitchens(l2)  (1926)  inoculated  0.5  cubic  cen- 
timeter amounts  of  infective  dengue  virus  into  each  of  eleven 
volunteers,  all  of  whom  had  been  infected  experimentally  with 
dengue  from  thirty-two  to  sixty-eight  days  previously.  Of  this 
group  one  man  whose  initial  dengue  had  occurred  fifty-three 
days  earlier  developed  a  mild  infection  lasting  two  days ;  while 
the  other  ten,  whose  experimental  infections  had  taken  place 
thirty-two,  forty,  forty-six,  forty-eight,  fifty-three,  sixty,  sixty, 
sixty-seven,  and  sixty-eight  days  earlier,  were  all  immune.  Ma- 
noussakis(l7)  (1928),  after  failing  to  reinfect  nine  experimental 
volunteers,  concluded  that  persons  who  had  recently  recovered 
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from  dengue  fever  were  resistant  to  doses  of  infective  serum 
after  two  months.  Blanc  and  Caminopetros(li)  (1929)  also 
considered  dengue  immunity  from  an  experimental  standpoint. 
They  reported  that  ten  months  after  the  experimental  produc- 
tion of  dengue  in  twenty-five  volunteers,  nine  of  these  indivi- 
duals were  reinoculated  with  large  doses  of  dengue  virus.  None 
of  them  showed  any  signs  of  infection  following  the  second  inocu- 
lation, and  it  was  concluded  that  dengue  probably  confers  a 
high  degree  of  immunity  which  is  of  considerable  duration. 

PRESENT  INVESTIGATION 

During  the  various  studies  of  dengue  conducted  by  this  board 
since  December,  1928,  a  total  of  more  than  eighty-three  Amer- 
ican volunteers  have  been  infected  experimentally  with  a  single 
strain  of  virus.  Although  these  men  continued  to  live  in  a 
locality  where  dengue  is  endemic,  only  one  of  them  developed 
what  might  have  been  a  second  infection  during  the  subsequent 
periods  of  from  one  to  fifteen  months.  Several  of  the  volun- 
teers returned  to  hospital  with  fever  and  were  suspected  as  re- 
infections at  the  time  of  admission,  but  subsequent  observation 
and  examination  proved  that  they  were  suffering  from  other 
acute  infections  rather  than  dengue.  The  diagnosis  in  the  one 
doubtful  case  was  not  confirmed.  As  indicated  in  Table  24, 
experimental  attempts  were  made  to  reinfect  thirty-five  of  the 
volunteers,  all  of  whom  had  been  infected  previously  with 
the  same  strain  of  virus  transmitted  by  mosquitoes.  While 
the  numbers  of  mosquitoes  used  in  producing  the  infections 
differed  in  the  various  experiments,  ten  or  less  were  used  in 
most  of  the  immunity  tests.  The  intervals  between  the  at- 
tacks of  dengue  and  the  tests  for  immunity  varied  from  twelve 
to  four  hundred  days.  One  of  these  men  was  readmitted  to  hos- 
pital two  days  after  the  test  with  fever  due  to  another  cause. 
Among  the  thirty-five  persons  rebitten  by  infective  mosquitoes 
not  a  recognizable  dengue  reinfection  occurred. 

Comment. — The  results  obtained  in  these  experiments  show 
that  for  periods  of  from  one-half  to  thirteen  months  after  an 
experimentally  induced  attack  of  dengue,  100  per  cent  of  the 
thirty-five  volunteers  were  immune  to  reinfection.  Therefore, 
it  is  believed  that  the  immunity  produced  by  a  typical  attack 
of  dengue  is  usually  strong  and  of  considerable  duration. 
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DISCUSSION 

No  evidence  has  yet  been  advanced  to  prove  that  all  people  of 
any  race  or  group  may  be  naturally  immune  to  dengue.  This 
statement  probably  applies  also  to  many  of  the  published  observa- 
tions concerning  the  immunity  of  lower  animals.  Following  the 
introduction  of  dengue  into  a  locality,  a  large  proportion  of  the 
inhabitants  become  infected;  and  in  places  where  dengue  has 
existed  for  some  time  a  large  proportion  of  the  adult  natives 
and  the  lower  animals  are  found  to  be  resistant  to  the  infection. 
This  is  the  case  in  the  Philippines  where  adult  natives  and  lower 
animals  living  in  endemic  areas  have  been  shown  to  be  immune 
to  dengue,  while  both  natives  and  monkeys  from  dengue-free 
areas  in  the  mountains  a  few  hundred  miles  away  are  suscep- 
tible. 

There  is  no  information  available  to  indicate  whether  the 
immunity  of  the  adults  living  in  endemic  areas  is  due  to  a 
single  previous  attack  of  dengue  during  early  life,  or  whether 
it  has  been  built  up  as  the  result  of  a  series  of  infections,  and 
maintained  by  repeated  subsequent  exposures.  It  should  be  in- 
teresting to  test  the  immunity  of  residents  of  dengue-free  areas 
at  intervals,  after  experimental  infection.  From  clinical  and 
epidemiological  studies  of  susceptible  individuals  after  their 
arrival  in  endemic  areas,  many  observers  have  concluded  that  an 
attack  of  dengue  often  confers  only  slight  immunity  of  short 
duration,  and  that  a  certain  proportion  of  such  individuals  may 
have  second,  third,  or  even  fourth  attacks  within  a  few  years. 
However,  the  analysis  of  clinical  records  of  1,285  cases,  con- 
tributed by  Captain  Green,  indicates  that  second  and  third  clin- 
ical attacks  during  a  three-year  period  may  be  relatively  in- 
frequent. 

Certain  observers  have  succeeded  in  infecting  individuals  who 
according  to  their  histories  or  official  records  had  had  previous 
attacks  of  dengue.  However,  from  the  experimental  results  re- 
ported by  Cleland,  Bradley,  and  McDonald,  (3)  Siler,  Hall,  and 
Hitchens,(l2)  Manoussakis,(i'7)  Blanc  and  Caminopetros,(il) 
and  the  observations  of  the  authors,  it  is  believed  that  a  single 
attack  of  dengue  in  a  person  living  in  an  endemic  locality, 
confers  protective  immunity  of  considerable  strength  and  du- 
ration. 

SUMMARY  AND  CONCLUSIONS 

1.  A  large  proportion  of  human  beings  are  apparently  na- 
turally susceptible  to  dengue.  This  is  indicated  by  the  fact 
that  in  different  epidemics  from  75  to  100  per  cent  of  the  in- 
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habitants  of  various  localities  have  been  attacked,  particularly 
in  places  v^here  the  disease  is  first  introduced. 

2.  American  soldiers  from  various  parts  of  the  United  States 
where  dengue  is  not  endemic  are  known  to  be  extremely  sus- 
ceptible to  natural  dengue  infections  and  to  experimental  inoc- 
ulations with  the  virus,  while  Americans  who  have  previously 
lived  in  endemic  localities  are  usually  immune. 

3.  It  has  been  observed  in  various  parts  of  the  world  that 
most  adult  natives  who  have  passed  through  an  epidemic  of 
dengue  or  who  live  in  endemic  areas  are  apparently  immune. 
That  this  is  true  of  Filipinos  living  in  endemic  areas  is  in- 
dicated by  the  low  prevalence  of  dengue  among  Philippine  Scout 
soldiers,  and  by  the  transmission  experiments  performed  by 
Siler,  Hall,  and  Hitchens  and  by  the  authors,  in  which  between 
93  and  100  per  cent  of  over  sixty  volunteers  were  immune  to 
inoculations  of  infective  dengue  virus. 

4.  In  two  instances  the  immunity  of  Philippine  Scouts  was 
apparently  overcome  by  inoculations  with  0.5  cubic  centimeter 
of  infective  blood  intravenously  or  with  5  cubic  centimeters  sub- 
cutaneously ;  but  such  was  not  the  case  in  other  experiments  in 
which  large  numbers  of  infective  mosquitoes  were  used. 

5.  In  thirteen  experiments  it  was  shown  that  dengue  virus 
introduced  into  immune  Filipinos  not  only  failed  to  cause  symp- 
toms, but  failed  to  develop  in  these  men,  or  at  most  to  develop 
sufficiently  to  infect  normal  mosquitoes  fed  on  them  during  ten 
subsequent  days.  This  further  indicates  that  the  immunity  of 
the  natives  was  well  developed. 

6.  Natives  from  dengue-free  localities  in  the  mountains  of 
northern  Luzon  were  found  to  be  susceptible  to  natural  and  ex- 
perimental dengue  infection. 

7.  Filipinos  and  monkeys  from  Manila  and  other  endemic 
areas  of  dengue  were  generally  found  to  be  immune,  while  those 
living  in  high  altitudes  in  dengue-free  localities  (mountains  of 
northern  Luzon)  were  extremely  susceptible. 

8.  Clinical  and  epidemiological  studies  have  been  reported, 
suggesting  that  Americans  may  develop  two,  three,  four,  or  five 
attacks  of  dengue  within  a  short  period  of  time;  and  that  the 
immunity  produced  by  a  single  attack  may  be  slight. 

9.  However,  from  an  analysis  of  1,258  hospital  records  of 
cases  which  occurred  in  Manila  between  1927  and  1930,  it  has 
been  indicated  that  the  proportion  of  reported  recurrences  in 
which  the  clinieal  evidence  was  sufficient  to  rule  out  other  in- 
fections was  negligible. 
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10.  Experiments  in  which  thirty-five  American  volunteers, 
who  had  recovered  from  one  attack  of  dengue  produced  by  a 
known  strain  of  virus,  were  reinoculated  after  periods  of  one- 
half  to  thirteen  months  gave  negative  results,  indicate  that  the 
immunity  produced  by  an  attack  of  dengue  probably  is  stronger 
and  of  longer  duration  than  has  been  generally  believed. 

11.  From  these  experiments  it  is,  of  course,  impossible  to  be 
sure  that  the  immunity  produced  by  a  single  attack  of  dengue 
may  not  be  maintained  by  subsequent  introduction  of  virus  from 
infective  mosquitoes.  This  point  could  be  settled  by  experi- 
mental attempts  to  reinfect  individuals  living  in  localities  free 
from  dengue. 

12.  From  the  results  of  the  present  epidemiological,  clinical, 
and  experimental  studies,  it  is  believed  that  the  immunity  follow- 
ing an  attack  of  dengue  fever  in  persons  residing  in  endemic 
areas,  is  probably  completely  protective  in  a  large  majority  of 
cases. 
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TESTS  FOR  SPECIFIC  ANTIBODIES  IN  DENGUE 

In  the  following  experiments  efforts  were  made  to  demonstrate 
specific  antibodies  in  serum  obtained  from  dengue  patients  and 
from  individuals  known  to  be  immune  to  the  disease. 

INJECTION  OF  DENGUE  PATIENTS  WITH  SERUM 
FROM  CONVALESCENTS 

Manoussakis(l)  (1928)  stated  that  the  serum  of  dengue  con- 
valescents failed  to  confer  immunity  to  susceptible  volunteers 
whether  injected  before,  simultaneously  with,  or  after  the  in- 
fecting dose  of  dengue  virus.  Blanc  and  Caminopetros(2) 
(1929)  also  reported  that  neither  the  serum  nor  the  whole  blood 
of  convalescents  had  any  action  on  the  virus  either  in  vitro  or 
in  vivo  and  that  mixtures  of  such  serum  and  dengue  virus  were 
always  infective. 

Experiment  1, — Two  individuals  during  the  first  twenty-four  hours  of 
typical  experimentally  produced  dengue  fever  were  injected  simultaneously 
with  1  and  2  cubic  centimeter  amounts  of  clear  serum  collected  from 
volunteers  one  month  after  their  recovery  from  experimental  dengue.  The 
infections  continued  in  apparently  unmodified  form,  and  it  was  concluded 
that  the  serum  injected  had  no  effect  on  the  course  of  the  disease. 

Experiment  2. — In  order  to  determine  whether  the  rash  of  dengue  mighit 
be  caused  to  disappear  by  intradermal  injection  of  serum  from  convales- 
cents, the  following  experiment  was  performed  February  21,  1930.  Blood 
was  drawn  this  date,  from  a  recently  recovered  case  of  experimental 
dengue  whose  temperature  had  been  normal  for  seven  days.  The  serum  was 
immediately  separated  and  0.25  cubic  centimeter  was  injected  intracuta- 
neously  into  an  area  of  skin  covered  with  a  pronounced  secondary,  maculo- 
papular  rash  on  a  volunteer  (A.Y-  78-0)  during  the  fourth  day  of  dengue 
fever.  The  wheal  produced  by  the  injection  was  pale  momentarily,  but 
vdthin  a  few  minutes  again  became  as  red  as  the  surrounding  skin.  There 
was  no  fading  of  the  rash  during  the  following  twenty  hours. 

PRECIPITIN    TESTS 

Experiment  3. — The  antigens  used  in  precipitin  tests  included  fresh  in- 
fective serum  collected  from  experimental  cases  of  dengue  during  the  first 
day  of  the  disease;  and  a  mosquito  filtrate  obtained  by  grinding  forty  in- 
fective A'edes  mgypti  (lot  25)  with  sand  and  6  cubic  centimeters  of  physiol- 
ogic salt  solution,  filtering  the  suspension  through  cotton,  and  clearing 
the  filtrate  by  centrifugalization.  These  antigens  were  used  in  0.025  cubic 
centimeter  amounts  in  small  test  tubes  with  different  dilutions  of  serum 
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from  immune  individuals  who  had  previously  been  infected  experimentally 
with  dengue.     No  precipitation  occurred  either  in  one  or  eighteen  hours. 

COMPLEMENT-FIXATION   TESTS 

Tests  were  made  for  complement-fixing  bodies  in  serum  from 
dengiie  patients  and  from  individuals  immune  to  dengue,  using 
several  different  antigens  prepared  with  infective  blood  ob- 
tained from  dengue  patients  or  from  mosquitoes  infected  with 
dengue  virus. 

Experiment  U* — An  antigen  was  prepared  with  forty  infected  A.  segypti 
of  lot  40  which  had  fed  on  an  experimen;tal  case  of  dengue  (A.V.  20-B) 
during  the  first  day  of  the  disease.  The  mosquitoes  were  macerated  and 
suspended  in  8  cubic  centimeters  of  sterile  physiologic  salt  solution,  and 
after  the  suspension  had  been  filtered  through  cotton,  the  filtrate  was  heated 
at  56°  C.  for  ten  minutes.  This  antigen,  tested  in  various  dilutions,  failed 
to  cause  any  fixation  of  complement  when  titrated  with  serum  obtained 
from  individuals  who  had  recently  recovered  from  experimental  dengue 
fever. 

Experiment  j^-a. — Antigen  2  was  prepared  with  20  cubic  centimeters  of 
infective  blood  drawn  from  an  experimental  case  (A.V.  78-0)  during  the 
first  day  of  dengue.  The  blood  was  laked  in  distilled  water,  and  centri- 
fugalized  at  2,500  revolutions  per  minute  for  forty-five  minutes.  The  re- 
sidue was  diluted  with  a  similar  amount  of  mixture  composed  of  equal 
parts  of  glycerin  and  salt  solution.  When  diluted  with  equal  parts  of 
salt  solution  and  used  in  complement-fixation  tests  with  serum  collected 
from  a  volunteer  on  the  fourth  day  of  convalescence  after  dengue  fever, 
this  antigen  gave  anticomplementary  reactions.  However,  when  a  l-to-3 
dilution  was  used  in  0.5  to  0.3  cubic  centimeter  amounts  with  known 
immune  sera  the  results  were  negative. 

Experiment  Jf-h. — Antigen  3  was  prepared  with  infective  blood  drawn 
from  the  patient  mentioned  above  (A.V.  78.-0).  Ten  cubic  centimeters  of 
the  coagulated  blood  was  placed  in  a  mortar,  ground  with  12.5  cubic  cen- 
timeters of  95  per  cent  alcohol,  and  subsequently  allowed  to  stand  for 
seven  days.  The  alcoholic  extract,  diluted  1  to  5  with  salt  solution,  was 
used  in  tests  with  serum  drawn  from  volunteers  (A.V.  24-H,  A.V.  25-D, 
A.V.  27-P,  and  A.V.  28-P),  and  from  each  of  the  three  authors,  at  rela- 
tively  short  periods  after  they  had  recovered  from  attacks  of  dengue  fever. 
The  results  were  negative. 

Experiment  U-c, — Antigen  4  consisted  of  recently  collected  infective  se- 
rum from  an  experimental  case  of  dengue.  This  was  tested  with  serum 
from  individuals  who  had  recently  recovered  from  dengue,  with  negative 
results. 

Experiment  4-^. — Antigen  5  was  prepared  with  infective  Aedes  ssgypti 
of  lots  9,  12,  17,  18,  and  19.  Two  hundred  seventy-nine  of  these  mosqui- 
toes were  macerated  and  suspended  in  5  cubic  centimeters  of  95  per  cent 
alcohol.  Twelve  days  later  .the  alcoholic  mosquito  extract  was  cleared  by 
centrifugalization  at  low  speed,  after  which  it  was  diluted  1  to  10  with 
physiologic  salt  solution  and  used  in  tests  with  sera  obtained  from  four 
volunteers.     Three  of  these  individuals  had  recently  recovered  from  den- 
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gue  as  follows:  A.V.  13-W,  nine  days,  and  A.V.  3-A  and  A.V.  4-Y  about 
seventy-nine  days  previously;  while  the  other  volunteer  (A.V.  9-D)  had 
been  suffering  with  dengue  fever  for  only  one  day.  Using  0.1  cubic  centi- 
meter amounts  of  the  1-to-lO  dilution  of  antigen  and  0.1  cubic  centimeter 
amounts  of  the  four  sera  the  tests  resulted  as  follows:  A.V.  4— Y,  serum 
was  negative;  A.V.  13-W,  two  plus;  A.V.  9-D,  three  plus;  and  A.V.  3-A, 
four  plus. 

As  the  remainder  of  this  antigen  was  lost,  another  one  was  prepared 
similarly  with  584  infective  A,  segypti  from  various  experimental  lots. 
However,  all  tests  with  this  second  mosquito  antigen  were  negative. 

Experiment  j^-e, — ^Antigens  6  and  7  were  prepared  from  a  mixture  of 
liver  and  spleen  taken  from  Philippine  monkeys  (Macacus  philippinensis 
33-D  and  34-E)  six  days  after  the  animals  had  been  bitten  by  infective 
A.  segypti.  The  liver-and-spleen  mixtures  were  ground  up  and  suspended 
in  9  per  cent  salt  solution  in  the  proportion  of  1  gram  to  0.5  cubic  centime- 
ter. After  standing  overnight  in  the  ice  box  the  suspensions  were  diluted 
with  nine  times  their  volume  of  distilled  water.  These  antigens  were 
used  in  tests  with  sera  from  volunteers  who  had  recently  recovered  from 
dengue  fever.     The  tests  were  negative. 

CONCLUSIONS 

With  the  possible  exception  of  complement-fixing  bodies  as 
noted  in  experiment  4-d,  specific  antibodies  were  not  demon- 
strated in  serum  collected  from  various  individuals,  during  and 
following  recovery  from  dengue  fever. 
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OBSERVATIONS  CONCERNING  PROPHYLACTIC 
VACCINATION  AGAINST  DENGUE 

From  investigations  in  which  100  per  cent  of  thirty-five  in- 
dividuals, experimentally  infected  v^ith  dengue,  were  later  found 
to  be  resistant  to  second  inoculations  with  infective  virus,  it 
appears  that  a  single  attack  of  dengue  usually  produces  a  strong 
immunity  which  may  last  for  thirty  to  four  hundred  days  and 
probably  longer.  This  observation  suggests  the  possibility  of 
producing  an  effective  prophylactic  vaccine  which  might  be  used 
for  the  protection  of  susceptible  individuals  entering  endemic 
localities,  particularly  for  troops  being  sent  for  short  tours  of 
service  in  the  Philippine  Islands  or  other  tropical  countries. 

Observations  have  been  made  concerning  the  immunizing  ac- 
tion of  subcutaneous  inoculations  with  various  materials,  in- 
cluding noninfectious  filtrates  of  suspensions  of  infective  mos- 
quitoes, dried  blood  collected  from  dengue  patients  during  the 
infective  period,  and  a  vaccine  prepared  from  a  saline  suspen- 
sion of  dengue-infected  Aedes  ^gypti. 

EXPERIMENTAL 

SUBCUTANEOUS  INJECTIONS  OF  NONINFECTIOUS  FILTRATES  OBTAINED  FROM 
SUSPENSIONS   OF   MOSQUITOES   INFECTED   WITH   DENGUE   VIRUS 

During  a  series  of  experiments  dealing  with  the  filterability 
of  dengue  virus  as  it  exists  in  infected  mosquitoes,  the  virus 
failed  to  pass  through  diatomaceous  filters  in  twelve  instances, 
as  was  indicated  by  the  fact  that  inoculation  of  the  filtrates  into 
susceptible  volunteers  did  not  cause  dengue.  When  tested  for 
immunity  with  infective  mosquitoes,  these  same  volunteers,  with 
one  exception,  developed  dengue.  However,  as  the  immunity 
test  was  applied  in  the  excepted  case  several  months  after  dis- 
charge from  hospital,  his  record  is  not  considered. 

SUBCUTANEOUS   INJECTIONS  OF  DESICCATED  BLOOD 

Several  attempts  were  made  to  preserve  the  virus  of  dengue 
in  frozen,  dried  blood.     The  virus  was  collected  from  experi- 
mental cases  during  the  infectious  stage  of  the  disease.     The 
dried  blood,  sealed  in  a  vacuum  in  pyrex  glass  tubes,  was  stored 
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at  18°  C.  and,  after  different  intervals  of  time,  five  of  the  spec- 
imens were  suspended  in  salt  solution  and  tested  for  infectivity 
by  subcutaneous  inoculation  into  susceptible  volunteers.  As 
none  developed  dengue  from  this  procedure,  it  may  be  assumed 
that  the  virus  had  either  died  or  become  attenuated.  However, 
it  seemed  desirable  to  ascertain  if  such  inoculations  had  pro- 
duced any  immunity.  When  the  volunteers  were  tested  with 
infective  mosquitoes  eight  to  eighteen  days  later,  all  developed 
dengue. 

VACCINE    PREPARED   WITH    MOSQUITOES    INFECTED    WITH    DENGUE   VIRUS 

A  vaccine  (No.  1)  was  prepared  according  to  the  follow- 
ing technic  and  was  tested  on  susceptible  human  volun- 
teers. December  20,  1929,  two  thousand  ten  infective  Aedes 
xgyvti  from  combined  lots  95,  101,  103,  104,  110,  111,  112,  114, 
116,  117,  118,  129,  130,  131,  and  134,  were  killed  and  ground 
in  a  sterile  porcelain  mortar  with  fine  quartz  sand  and  10 
cubic  centimeters  of  salt  solution  containing  1.6  per  cent  chem- 
ically pure  phenol  and  0.4  per  cent  chemically  pure  formalin. 
The  suspension  was  transferred  to  a  sterile  bottle,  and  after 
it  had  stood  for  forty-eight  hours  to  allow  insoluble  particles  to 
settle,  10  cubic  centimeters  of  sterile  physiologic  salt  solution 
was  added  to  the  clear  supernatant  fluid  to  further  dilute  the 
preservatives.  The  suspension  was  then  kept  at  room  tempera- 
ture for  eight  days  to  destroy  bacteria,  after  which,  20  cubic 
centimeters  of  sterile  salt  solution  was  added.  After  slow  cen- 
trifugalization,  to  eliminate  the  remaining  insoluble  matter,  37 
cubic  centimeters  of  a  clear  amber-colored  fluid  was  obtained. 
This  fluid,  which  contained  phenol  and  formalin  in  final  dilutions 
of  0.4  and  0.1  per  cent,  respectively,  mixed  with  the  extract 
from  about  fifty  mosquitoes  per  cubic  centimeter,  was  placed  in 
ampules  in  1  cubic  centimeter  amounts  and  used  as  a  vaccine. 
Before  use,  the  vaccine  was  examined  for  living  bacteria  and 
for  bacterial  toxins.  Anaerobic  and  aerobic  cultures  were  made 
and  incubated  for  periods  of  ten  or  more  days.  Although  no 
bacteria  were  found,  portions  of  the  fluid  media  were  inoculated 
into  guinea  pigs.  The  vaccine  was  also  inoculated  in  1  cubic 
centimeter  amounts  directly  into  rabbits,  guinea  pigs,  and  white 
mice,  all  of  which  remained  normal.  As  a  final  precautionary 
test,  doses  of  the  vaccine  were  inoculated  subcutaneously  into 
each  of  the  authors  before  it  was  used  on  volunteers. 


184 


EXPERIMENTAL  STUDIES  OP  DENGUE 


•tt^ 

04 

11 

O 

o 

© 

© 

©    © 

XO 

o 

© 

© 

\a   © 

'S 

1-i 

04 

04   © 

o 

TlT 

oi 

lo" 

oa 

04" 

CO  c<r 

r^ 

0 

\a 

o 

o 

© 

in 

©  © 

S 

1 

CO 

«> 

'«i< 

t> 

;o 

t-'   <o 

Q 

1, 

Tjt 

rl« 

o 

© 

04 

©    04 

CiC 

o 

tH 

oi 

CO 

CO* 

Co"    04 

§ 

o 

o 

O 

o 

© 

© 

©    © 

i 

iH 

y-t 

tH 

•<-< 

tH     tH 

ll 

1 

CO 

CO 

© 

0     in 

Q 

1    Crri 

» 

o 

o 

o 

»o 

© 

©    © 

o 

o 

kO 

C4 

© 

la  © 

s^i 

Q 

fO 

t-' 

iO 

«o 

\d 

"^   © 

•s 

04 

Oi 

Oi 

Oi 

Oi 

Oi    OJ 

1^ 

04 

04 

04 

04     04 

Oi 

Oi 

Oi 

Oi    Oi 

iH 

iH 

tH     iH 

•^ 

ua 

04 

04 

0     © 

5- 

b!) 

t« 

iH 

tH 

CO     tH 

bi    0 

rt  o 

7i 

3 

9 

0 

0 

S      0) 

P 

< 

<1 

^ 

<1 

<J 

<1   Q 

! 

Ci 

i 

J      [ 

d 

C<l 

12; 

d 

2 

J 

1   t> 

iH     iH 

•M 

CO 

Tit      tH 

n 

o 

^ 

m^ 

2 

2 

0       0 

s 

'B 

9 
•a 

1 

't    1. 

m 

S 

-S 

S     S 

0) 

s? 

s 

CU      C3» 

g 

1 

1 

SS 

« 

o 

O 

0 

8^     8^ 

1 

1 

-1 

Xl 

na 

'^ 

1    -1 

s 

^ 

^ 

i 

^    '^ 

1^ 

OJ 

N 

o 

CO 

tH 

©    00 

>> 

iH 

,H   in 

1 

1 

1 

1 

1 

1      1 

-(-> 

4i 

0) 

1 

j 

[ 

I 

[      [ 

1 

1 

a 
1 

o 

O 

o 

0 

0    0 

a 

'd 

Tj 

-o 

Tl 

T3     73 

.2 

Oi 

OS 

Oi 

Oi 

Oi 

Oi     Oi 

■g 

N 

04 

04 

04    04 

o» 

Oi 

Oi 

Oi     Oi 

H 

tH 

tH 

tH 

o> 

04 

t-* 

to 

<o 

©  © 

N 

04 

04     tH 

>> 

>f 

M 

M 

bi) 

bo    0* 

1 

"p 

S 

S 

3 

5^    J^ 

<1 

<J 

< 

<  Q 

1    »« 

!   >» 

>>            j 

;     ; 

!l 

jli 

1    rt 

IS 

1     1 

o» 

o>  c» 

OJ    OJ    o> 

Oi    Oi 

Oi          o> 

Oi    Oi 

5S 

N 

cq  04 

C4    OI    04 

04    04 

04            04 

04    04 

2T^ 

o> 

o>  o» 

a»   Oi  Oi 

Oi    Oi 

Oi          Oi 

Oi    Oi 

■S-S 

r-l     rH 

r^     ^      gi 

tH     tH 

tH        ,     tH 

tH     tH 

I'l 

oT 

iH     O 

rH     rT    © 

di^ 

tH     ©4      3 

a|8 

l>     ^ 

09 

tH     N 

iH     0» 

tH    04 

O  o 

a> 

>»     >> 

>»>>>> 

>»     >»     « 

M    > 

Aa 

3  -3 

3  3  3  3  3- 

3     0 

>2. 

J?-^ 

>^    i-a   Ha, 

.Ha    H>         . 

tn    »-» , 

hy         ^ 

i 

1 

^ 

i 

ij 

4 

^' 

I'  ^ 

8 

4< 
01 

04 

04 

©  4* 

CO     © 

^ 

>. 

>; 

> 

> 

>;  > 

< 

<a 

< 

< 

< 

<  < 

tH 

04 

CO 

•<*« 

U3 

Vi   t- 

1 

PROPHYLACTIC  VACCINATION 


185 


I 


CO  ^  r-< 

.2  §  .2 

•d"  -^  uf 

p,  g.  "5. 

s^  o  « 


^  -^  ^ 


O    00    00    C<1    o 


N    W    N    N    C3 

Oi        Oi       Oi       Oi        Oi 


t-    Oi    Oi    «0    O 
(M    M    C<l    rH 

bi    >>    >>    ti    d 


tH  !z;  >H  ^2;  :z: 


I 

s 


<1  o 


U3    lO    U3    O    t- 

«     ©     ©     iH     T-J    O 


a 


T-l 

S 

S 

05 

T-t 

M 

s 

t 

^ 

3 

,3 

2 

I 


W  H  laJ  ^ 


>:  ^  >  >  > 

<i  <j  <j  <j  <i 


r-i    C5    eO    "^    lO 


■3 


^a 


*3  "rt    05  0  13 

H  v5  iz;      »5 


©   o   ©   o   © 

©    O     ©    IlO    U3 

r-(    Oi     t>     tH     ,H 


U5    CO    CO    N    CO 


Tj«     Ti<     lO     t»     «0 


3| 


©   ©   «o   to  -^ 

.     N     rH     N     Tj<     C4 

(*,     ©     ©     ©     ©     © 


.    iO    lO     U3    ©    ifl 
« 

^    CO     iH     Tl*     «3     lO 


.    10    U3    ©    ©    © 

S5 

g>  JO    ?o    «o    VO    ^ 


4J 

i 

o» 

o> 

Oi 

(71 

05 

^ 
§ 

M 

N 

c^ 

O) 

CJ 

as 

^ 

'-' 

iH 

o 

73 

N 

Tl* 

Tt» 

^ 

t- 

1H 

CO 

^ 

^ 

b£ 

bo 

bo 

bO 

o 

^ 

9 

0 

;3 

0 

v 

p 

O 

<J 

< 

< 

<5 

Q 

g 

Q 


?>'  ^  ^  ^ 

-*     «0    00  N  U3 

03    C4    04  CO  CO 

>    >    >  >  > 

<j  <5  <}  ^  ^ 
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Experiment  1, — February  13,  1930.  One  cubic  centimeter  of  dengue  vac- 
cine 1  was  injected  subcutaneously  into  the  right  arm  of  a  susceptible 
volunteer  ( A.V.  84— C) .  The  only  reaction  noted  was  temporary  itching  at 
the  point  of  inoculation.  February  17,  1930,  another  dose  of  1  cubic  cen- 
timeter of  vaccine  was  injected  subcutaneously.  February  24,  1930,  the 
volunteer  was  tested  for  immunity,  by  allowing  twenty-one  infective  A, 
s^gypti  of  lot  137  to  take  blood  at  10.30  a.  m.  After  an  incubation  period 
of  five  days  dengue  developed  March  1,  1930.  The  duration  of  the  fever 
was  five  days,  and  the  highest  temperature  was  102.4°,  while  the  leuko- 
penia lasted  six  days  and  the  lowest  count  was  3,600.  Comment:  Two 
subcutaneous  injections  of  vaccine  1,  given  eleven  and  seven  days  before 
the  feeding  of  infective  mosquitoes,  failed  to  prevent  the  development  of 
dengue  in  this  volunteer. 

Experiment  2. — February  24,  1930,  10.30  a.  m.  One  cubic  centimeter  of 
dengue  vaccine  1  was  inoculated  subcutaneously  into  the  arm  of  a  sus- 
ceptible volunteer  (A.V.  83-R).  Intense  itching  was  felt  about  the  point 
of  injection  for  a  few  minutes,  but  no  other  reaction  was  noted.  March  1, 
1930,  a  second  subcutaneous  injection  of  1  cubic  centimeter  of  dengue 
vaccine  1  was  given.  March  8,  1930,  or  twelve  days  after  the  initial  in- 
jection of  vaccine,  the  volunteer  was  tested  for  immunity  by  feeding 
eleven  infective  A.  segypti  of  lot  168  at  10  a.  m.  After  an  incubation 
period  of  five  days,  dengue  fever  began  March  13.  The  fever  lasted  four 
and  one-half  days  and  the  highest  point  reached  was  102.6°,  while  the  leuko- 
penia lasted  for  five  days  and  the  lowest  count  was  2,600.  Comment: 
Two  injections  of  vaccine  1,  given  at  intervals  of  five  days,  failed  to  pro- 
tect the  volunteer  when  tested  one  week  following  the  second  injection. 

DISCUSSION 

The  negative  results  obtained  in  these  preliminary  experi- 
mental attempts  to  vaccinate  susceptible  volunteers  with  nonin- 
fectious filtrates  obtained  from  suspensions  of  recently  killed  in- 
fective mosquitoes,  with  suspensions  of  dried  infective  blood 
kept  for  different  periods  of  time,  and  with  vaccine  1  prepared 
from  infective  mosquitoes,  do  not  indicate  that  an  effective 
prophylactic  vaccine  may  not  be  developed.  Because  of  the 
invisibility  of  the  virus  of  dengue,  it  is  impossible  to  estimate 
its  concentration  in  the  various  materials  used,  or  to  determine 
whether  it  is  killed  or  attenuated.  The  noninfective  Handler 
and  Berkefeld  filtrates,  obtained  from  saline  and  broth  suspen- 
sions of  macerated  infective  mosquitoes,  did  not  contain  in- 
fective virus  and,  as  would  be  expected,  injections  of  this 
material  failed  to  protect  any  of  the  individuals  against  sub- 
sequent infection.  The  desiccated  blood,  collected  from  experi- 
mental cases  of  dengue  and  frozen  immediately,  was  kept  for 
periods  of  four  to  seventy-nine  days  before  use.  The  fact  that 
this  material  failed  to  'cause  dengue  indicates  that  the  virus 
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was  either  dead  or  attenuated.  While  these  injections  failed  to 
prevent  subsequent  infection,  still  some  of  the  volunteers  had 
rather  mild  cases  of  dengue.  In  the  vaccine  (No.  1)  prepared 
from  a  saline  suspension  of  infectious  mosquitoes,  the  virus  was 
probably  killed,  although  it  may  have  been  attenuated.  Used 
in  doses  of  1  cubic  centimeter,  this  vaccine  failed  to  immunize 
volunteers  when  tested  within  two  weeks  after  the  injections  had 
been  given. 

The  recently  reported  work  of  Blanc  and  Caminopetros(i) 
(1929)  concerning  dengue  vaccination  is  of  interest.  These 
investigators  state  that  injections  of  dengue  virus,  killed  by 
heat  or  by  chemicals,  had  no  protective  value  against  infection 
with  dengue.  Therefore,  they  attempted  to  obtain  an  atten- 
uated living  virus  that  might  give  rise  to  a  low-grade  "symp- 
tomless'' dengue,  with  subsequent  immunity.  It  was  found 
that  dengue  virus  in  blood  could  be  attenuated  by  mixing  it  for 
five  minutes  with  one-twentieth  of  its  volume  of  bile,  while  the 
virus  was  killed  by  similar  exposure  to  one-fifteenth  of  its  vol- 
ume of  bile.  As  it  was  found  that  volunteers  inoculated  with 
the  bile-virus  mixture  (1  to  15)  were  no  longer  susceptible  to 
injections  with  bile-virus  mixtures  (1  to  20),  these  materials 
were  combined  and  used  as  a  vaccine.  Twenty-two  persons 
were  doubly  inoculated,  first  with  the  bile  virus  (1  to  15)  and 
later  with  the  bile  virus  (1  to  20)  ;  and  when  tested  for  immunity 
three  weeks  later  only  two  of  the  individuals  developed  dengue. 

The  desirability  of  an  attenuated  virus  for  use  as  a  prophy- 
lactic vaccine  has  also  been  recognized  by  the  authors,  who  have 
considered  the  possibility  of  obtaining  a  constant  supply  by 
passage  of  the  virus  in  series  through  mosquitoes.  However, 
although  there  appeared  to  be  some  decrease  in  virulence  of  the 
virus  after  the  second  passage  from  mosquito  to  mosquito,  this 
observation  has  not  yet  been  confirmed ;  and  consequently  there 
has  been  no  opportunity  to  attempt  to  immunize  susceptible 
persons  in  this  manner. 

The  possibility  of  developing  an  effective  prophylactic  vac- 
cine is  considered  sufficiently  promising  to  warrant  further 
work  on  the  subject.  The  development  of  such  a  vaccine,  suit- 
able for  practical  use  in  the  immunization  of  troops  before 
arrival  in  the  Philippines,  should  make  it  possible  to  greatly 
reduce  the  incidence  of  this  disease,  which  is  one  of  the  most 
inlportant  causes  for  loss  of  time  among  the  military  personnel 
of  the  Islands. 
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SUMMARY  AND  CONCLUSIONS 

1.  Subcutaneous  inoculations  of  volunteers  with  filtrates  ob- 
tained from  saline  suspensions  of  macerated  infective  mosquitoes 
failed  to  protect  them  against  subsequent  infection  with  den- 
gue virus. 

2.  Subcutaneous  inoculation  of  volunteers  with  saline  suspen- 
sions of  noninfective  dried  blood,  previously  collected  from  ex- 
perimental cases,  failed  to  protect  against  subsequent  infection 
with  dengue  virus. 

3.  Inoculations  with  a  vaccine  prepared  from  infective  A. 
^gypti  also  failed  to  produce  protective  immunity  in  man  with- 
in periods  of  twelve  days. 

4.  In  view  of  the  fact  that  in  these  experiments  some  of  the 
vaccinated  individuals  developed  mild  cases  of  dengue  it  is  be- 
lieved that  an  effective  prophylactic  vaccine  against  dengue 
may  be  developed  by  further  investigation. 
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DENGUE  IN  LOWER  ANIMALS 

I.  PHYSICAL  SIGNS,  TEMPERATURE,  AND  LEUKOCYTE  REACTIONS  IN 
ANIMALS  INOCULATED  WITH  DENGUE  VIRUS 

The  need  for  a  diagnostic  laboratory  animal  suitable  for  use 
in  experimental  studies  of  dengue  led  to  the  following  inves- 
tigation, in  which  attempts  were  made  to  produce  dengue  in 
chickens,  lizards,  guinea  pigs,  rabbits,  goats,  and  monkeys. 

While  certain  early  observers,  including  Sandwith(i)  and 
Hirsch,(2)  reported  epizootics  in  birds,  mice,  rats,  cats,  dogs,  and 
cattle  that  occurred  coincident  with  outbreaks  of  dengue  in  man, 
investigators  who  have  since  attempted  to  infect  lower  animals 
experimentally  have  usually  reported  negative  or  inconclusive 
results.  In  1914  Lavinder  and  Francis (3)  announced  experi- 
ments in  which  they  inoculated  nine  Macacus  rhesus  monkeys 
with  blood  from  dengue  patients.  In  two  tests  the  blood  was 
collected  on  the  second  and  third  days  of  dengue,  but  in  the 
other  seven  tests  it  was  drawn  on  the  third,  fourth,  or  fifth  day 
of  the  disease,  at  which  time  the  virus  is  usually  not  transfer- 
able.    Their  conclusions  were  as  follows: 

If  dengue  is  conveyable  to  the  rhesus  monkey  by  intravenous  or  subcu- 
taneous inoculation  of  defibrinated  blood,  these  animals  do  not  show  the 
disease  by  changes  in  temperature,  'appearance  of  skin  eruption  or  any 
of  the  ordinary  symptoms  of  illness;  further,  that  it  is  doubtful  whether 
they  show  any  definite  and  characteristic  change  in  the  white  cell  count, 
but  the  results  obtained  by  us  are  perhaps  sufficiently  suggestive  to  invite 
further  effort. 

Kraus(4)  in  1916  injected  blood  obtained  from  dengue  pa- 
tients into  guinea  pigs  which  were  observed  for  subsequent 
periods  of  eight  days.  Neither  fever  nor  other  symptoms  of 
infection  appeared  during  this  time.  In  1917  the  Japanese  in- 
vestigators Koizumi,  Yamaguchi,  and  Tonomura(5)  reported 
the  results  of  animal  experiments  conducted  in  Formosa.  They 
were  unable  to  produce  recognizable  infections  by  the  inocula- 
tion of  small  amounts  of  defibrinated  blood  from  dengue  patients 
into  white  mice,  rabbits,  dogs,  and  long-tailed  Formosan  mon- 
keys. However,  guinea  pigs  inoculated  similarly  became  ill  and 
usually  died  within  seven  to  thirty-six  days.    By  subinoculation 
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from  animals  injected  fifteen  days  previously  similar  symptoms 
were  produced  in  other  guinea  pigs,  which  died  within  five  to 
nineteen  days  if  inoculated  subcutaneously  or  intraperitoneally, 
and  within  twenty-eight  to  thirty-four  days  if  the  inoculation 
was  made  intravenously.  They  were  unable  to  pass  the  infec- 
tion through  a  third  series  of  animals.  It  is  unfortunate  that 
the  specific  nature  of  the  infection  in  these  guinea  pigs  was 
not  established. 

Cleland,  Bradley,  and  McDonald  (6)  in  1919  also  reported  ex- 
perimental attempts  to  produce  dengue  in  guinea  pigs  and  rabbits 
during  which  they  were  unable  to  observe  any  signs  of  in- 
fection. In  one  experiment  a  guinea  pig,  injected  with  blood 
which  produced  dengue  in  a  volunteer,  was  killed  at  the  end 
of  seven  and  one-half  days  and  2  cubic  centimeters  of  its  blood 
was  injected  into  a  volunteer  with  negative  results.  Chandler 
and  Rice (7)  in  1923  attempted  to  infect  guinea  pigs,  white 
mice,  and  a  young  rhesus  monkey  with  dengue,  but  the  results 
were  considered  negative.  They  also  made  the  following  ob- 
servations : 

Furthermore,  65  guinea  pigs  of  all  ages  were  housed  in  an  outdoor 
pen  during  the  entire  summer  and  fall  where  yellow  fever  mosquitoes 
swarmed.  Only  one  became  ill  and  three  days  later  died  from  a  res- 
piratory infection.  These  pigs  were  freely  bitten,  even  tormented  by  the 
mosquitoes  and  the  percentage  of  dengue  in  that  district  was  high. 

They  concluded  **that  guinea  pigs  are  not  susceptible  to  den- 
gue organisms.''  The  rhesus  monkey,  which  they  inoculated 
with  about  5  cubic  centimeters  -of  citrated  dengue  blood  drawn 
on  the  third  day  of  the  disease,  appeared  "chilly  and  morose" 
on  the  third  and  fourth  days  after  inoculation,  but  there  was 
no  significant  rise  in  temperature.  On  the  fifth  day  he  showed 
a  fine  papular  rash  on  the  chin  and  throat  which  was  not  con- 
sidered to  be  a  manifestation  of  dengue.  These  workers 
stated,  "we  are  inclined  to  think  that  the  inoculation  had  nega- 
tive results  as  did  those  of  Lavinder  and  Francis  (1914)  ;  at  any 
rate  it  was  very  doubtfully  positive.''  Holt (8)  in  1923  failed 
to  produce  recognizable  evidence  of  infection  in  guinea  pigs  and 
rabbits  inoculated  with  blood  from  dengue  patients.  Arm- 
strong (9)  (1923)  attempted  to  convey  dengue  to  guinea  pigs,  rab- 
bits, white  rats,  and  rhesus  monkeys,  but  with  negative  results. 
He  stated — 

Animals  were  injected  with  blood  taken  at  various  stages  of  the  disease 
(5th  hour  to  convalescence).  The  animals  were  observed  for  from  8  to  30 
days  in  various  cases.     In  no  instance  was  the  behavior  of  the  injected 
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animals  different  from  that  of  the  controls.  Blood  counts  were  made  in 
monkeys,  rabbits  and  rats  but  no  variations  deemed  significant  were  noted. 
In  the  case  of  the  guinea  pigs,  however,  the  results  were  complicated 
by  an  epidemic  of  broncho-pneumonia  which  broke  out  among  them  after 
about  the  15th  day.     Controls  and  injected  animals  were  alike  attacked. 

Harris  and  Duval (lO)  in  1924  reported  extensive  investiga- 
tions with  guinea  pigs  and  claimed  to  have  transmitted  dengue 
through  a  long  series  of  these  animals.  However,  many  of  the 
experimental  animals  were  infected  by  organisms  of  the  para- 
typhoid group,  and  they  apparently  failed  to  prove  that  the 
reactions  described  were  due  to  the  virus  of  dengue.  Siler,  Hall, 
and  Hitchens(ii)  in  1926,  in  Manila,  injected  each  of  two  young 
hogs  intravenously  with  10  cubic  centimeters  of  blood  from  two 
early  cases  of  dengue.  One  week  later  the  animals  were  bled, 
and  the  mixed  blood  injected  in  10  cubic  centimeter  amounts 
into  two  other  hogs.  After  one  week  the  latter  animals  were 
bled  and  their  blood  was  inoculated  into  two  susceptible  vol- 
unteers, who  failed  to  develop  dengue  from  this  injection. 
Counts  of  leukocytes  in  the  blood  of  the  hogs  showed  no  sig- 
nificant changes. 

Manoussakis(i2)  (1929)  reported  that  guinea  pigs  inoculated 
with  three  times  the  dose  of  dengue  virus  required  to  infect 
volunteers  showed  no  recognizable  reaction.  Blanc,  Caminope- 
tros,  and  Manoussakis(l3)  (1929)  inoculated  monkeys,  dogs, 
pigeons,  fowls,  white  rats,  rabbits,  and  guinea  pigs  but  failed 
to  note  any  febrile  or  other  reactions.  However,  in  two  cases 
serum  was  taken  from  guinea  pigs  about  the  fourth  day  after 
inoculation  and  injected  into  human  volunteers,  both  of  whom 
developed  dengue  after  an  incubation  period  of  four  days.  They 
were  not  able  to  transfer  the  infection  through  guinea  pigs  in 
series.  Blanc,  Caminopetros,  Dumas,  and  Saenz  (14)  in  1929  inoc- 
ulated blood  containing  dengue  virus  into  several  species  of 
Asiatic  and  African  monkeys — macaques,  baboons,  cercopithecs, 
and  margabeys.  None  of  these  animals  showed  any  temperature 
reaction  or  clinical  signs  of  dengue.  However,  when  the  blood 
from  a  certain  number  of  these  monkeys  was  transferred  to  man, 
dengue  fever  developed  after  an  incubation  period  of  four  to 
five  days.  Hence,  the  monkeys  concerned  must  have  suffered 
from  a  latent  or  nonapparent  infection.  They  drew  the  follow- 
ing conclusions : 

1.  The  macaque  monkeys  Cynomolgus  fascicularis  and  Cercopithecus 
callitrichuSf  inoculated  with  blood  from  human  dengue  patients  suffer  from 
a  latent  infection.  Their  blood,  which  is  non-virulent  twenty-four  hours 
after  inoculation  becomes  virulent  from  the  5th  to  the  8th  day.    It  is  no 
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longer  virulent  at  the  12th  day.  A  single  experiment  with  a  baboon 
yielded  a  negative  result.  2.  Monkeys  which  have  suffered  with  latent 
dengue  develop  an  immunity  lasting  at  least  50  days.  3.  The  blood  of 
monkeys  infected  with  dengue  is  virulent  for  man.  Under  experimental 
conditions  it  does  not  seem  to  be  virulent  for  the  monkey,  in  which  neither 
infection  nor  immunity  develops. 

PRESENT  INVESTIGATION 

In  the  present  study  attempts  were  made  to  infect  chickens, 
lizards,  mice,  rabbits,  goats,  and  monkeys  with  dengue.  It  was 
considered  advisable  to  use  animals  that  had  been  obtained  in 
localities  free  from  dengue  or  had  been  protected  from  mosqui- 
toes since  birth,  in  order  to  avoid  the  possibility  of  selecting 
animals  that  had  already  become  immune,  because  of  previous 
naturally  acquired  infection.  However,  such  "protected"  ani- 
mals were  not  always  available,  and  many  of  the  experiments 
were  done  with  animals  obtained  from  the  Bureau  of  Science 
in  Manila. 

Many  of  the  preliminary  experiments  were  limited  to  ob- 
servations on  the  temperature  and  leukocyte  reactions  before 
and  after  inoculations  with  materials  known  to  contain  infective 
dengue  virus.  In  later  experiments  attempts  were  made  to 
demonstrate  infection  in  the  inoculated  animals  regardless  of 
symptoms,  by  feeding  normal  Aedes  mosquitoes  on  them  and 
later  testing  the  mosquitoes  for  infectivity  by  allowing  them 
to  feed  on  volunteers. 

EXPERIMENTAL 
1.  CHICKENS 

The  chickens  used  experimentally  were  obtained  in  the  city 
market  in  Manila  and  kept  in  the  laboratory  for  about  one  week. 

Experiment  1, — February,  1929.  Two  cockerels  and  four  chicks  were  ino- 
culated subcutaneously  with  blood  containing  infective  dengue  virus  and 
with  saline  suspensions  of  infected  mosquitoes.  The  daily  temperature  and 
leukocyte  counts  on  the  cockerels  did  hot  indicate  infection;  and  all  of 
the  chickens  remained  normal  in  appearance. 

Experiment  2, — Aiugust  31,  1929.  Four  cockerels,  Nos.  3,  4,  5,  and  6, 
were  inoculated  into  the  "wattle"  with  0.5  cubic  centimeter  each  of  infective 
blood  collected  from  an  experimental  case  of  dengue  (A.V.  31~D)  during  the 
first  day  of  fever.  The  daily  temperature  reactions  and  leukocyte  counts 
failed  to  indicate  any  infection. 

Groups  of  normal  A,  aegypti  fed  on  the  chickens  three,  four,  and  five  days 
after  the  inoculations  were  combined  and  designated  lot  55.  Similar  groups 
fed  on  the  sixth,  seventh,  and  eighth  days  were  combined  and  called  lot 
56.     These  two  lots,  of  mosquitoes  Nos.  55  and  56,  were  tested  September 
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26,  when  one  hundred  twenty  and  one  hundred  five,  respectively,  fed  on 
a  susceptible  volunteer   (A.V.  41-F)  but  failed  to  cause  dengue. 

Comment, — Chickens  obtained  from  Manila,  where  dengue  is  endemic, 
failed  to  show  any  recognizable  reactions,  following  inoculations  with 
dengue  virus.  Normal  A,  segypti  fed  daily  on  such  chickens  between  the 
third  and  eighth  days  after  inoculation  failed  to  transmit  dengue  to  hu- 
man volunteers. 

2.  LIZARDS 

Two  young  lizards,  caught  in  a  dwelling  in  Manila,  were  each  inoculated 
subcutaneously  August  31,  1929,  with  0.5  cubic  centimeter  amounts  of 
blood  collected  from  an  experimental  dengue  case  (A.V.  31-D)  during 
the  first  day  of  the  disease.  So  far  as  could  be  observed  by  their  ap- 
pearance the  lizards  remained  well.  They  were  liberated  about  one  month 
later. 

3.    WHITE  MICE 

Experiment  1. — 'December  17,  1928.  Two  white  mice  raised  in  an  un- 
screened cage  in  the  City  of  Manila,  were  each  inoculated  subcutaneous- 
ly with  0.5  cubic  centimeter  amounts  of  infective  blood  from  a  case  of 
dengue   (Keller).     These  animals  showed  no  physical  signs  of  illness. 

Experiment  2, — January  9,  1929.  Two  white  mice  were  each  inocu- 
lated intraperitoneally  with  0.5  cubic  centimeter  amounts  of  infective 
blood  from  A.V.  2-M.  Two  other  mice  were  injected  similarly  with 
blood  from  A.V.  1-H.  These  mice  failed  to  show  any  physical  signs  of 
illness. 

Comment,. — Subcutaneous  and  intraperitoneal  inoculations  of  infective 
blood  from  experimental  cases  of  dengue  into  white  mice,  raised  in  an 
unscreened  cage  in  the  City  of  Manila,  failed  to  cause  any  recognizable 
illness. 

4.    RABBITS 

The  rabbits  used  were  obtained  from  an  unscreened  animal 
house  in  the  Bureau  of  Science,  Manila,  and  had,  therefore, 
probably  been  exposed  to  the  bites  of  dengue-infected  mosqui- 
toes for  indefinite  periods  of  time. 

Experiment  1, — December  17,  1928.  Two  rabbits  each  received  sub- 
conjunctival inoculations,  into  the  left  eye,  of  0.1  cubic  centimeter  amounts 
of  infective  serum  from  a  proved  case  of  dengue  (Keller).  As  a  control 
the  left  eye  of  each  rabbit  was  inoculated  similarly  with  serum  from  a 
patient  suffering  with  pneumococcus  septicaemia.  Neither  of  the  animals 
showed  any  significant  reaction  during  two  weeks  observation. 

Experiment  2, — February  7,  1929.  A  rabbit  (No.  1)  was  inoculated 
intracranially  with  0.25  cubic  centimeter  of  a  suspension  made  by  ma- 
cerating two  infective  A,  segypti^  lot  1,  and  two  of  lot  2,  in  1.5  cubic 
centimeters  of  physiologic  salt  solution.  After  inoculation  the  rabbit 
showed  a  slight  decrease  in  rectal  temperature  until  the  fourth  day,  after 
which  it  rose  and  remained  at  about  the  height  noted  on  the  day  of  inocu- 
lation until  the  tenth  day  when  it  reached  104°  F.  The  leukocyte  curve 
dropped  gradually  from  8,500  on  the  day  of  inoculation  to  5,600  on  the 
ninth  day;  and  there  was  an  abrupt  drop  in  the  neutrophilic  granulocytes 
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on  the  fifth,  sixth,  and  seventh  days.  On  the  seventh  day  the  hind  quar- 
ters of  the  rabbit  became  paralyzed.  The  animal  was  killed  and  examined 
February  19.  There  was  no  evidence  of  infection  and  the  paralysis  was 
attributed  to  traumatism  due  to  the  method  of  inoculation. 

Table  27. — Rabbit  1   (gray  rabbit). 


Temperature oF_ 

Total  leukocytes 

Neutrophiles 

Lymphocytes 

Monocytes 


Days  after  subdural  inoculation  with  dengue-infected  mosquitoes. 


103.0 
8,500 
3,800 
5,000 
250 


102.4 
9,600 
5,800 
3,600 
200 


101.6 
8,200 
3,900 
4,100 
250 


101.8 
9,100 
3,700 
4,600 
270 


101.6 
8,000 
3,000 
4,600 
480.0 


103.2 
7,900 
1,300 
6,100 
320 


103.4 
7,600 
1,200 
5,000 
1,400 


Temperature oF 

Total  leukocytes 

Neutrophiles 

Lymphocytes 

Monocjrtes 


Days  after  subdural  iooculation  with  dengue-infected 
mosquitoes. 


103.0  103.2 

7,800  6,500 

2,300 
3,700 
460 


1,700 
5,300 


9 

10 

11 

103.6 

104.0 

104.0 

5,600 

7,500 

13,300 

2,300 

2,500 

5,700 

3,000 

4,700 

6,500 

50 

320 

900 

12 


104.6 
9,400 
3,100 
5,000 
1,300 


As  a  control  on  this  experiment,  another  normal  rabbit  (No.  1-A) 
was  inoculated  similarly  with  a  suspension  of  normal  mosquitoes.  This 
animal  also  showed  irregular  daily  temperature  and  leukocyte  reactions, 
as  indicated  in  Table  28. 

Table  28,— Rabbit  1-A. 


Temperature op  _  _ 

Total  leukocytes 

Neutrophiles 

Lymphocytes 

Monocytes-.-' 


Days  after  subdural  inoculation  with  normal  mosquitoes. 


103.8 
7,900 
4,200 
3,700 
150 


101.2 

10,000 

6,500 

3,300 

300 


101.0 
7,900 
2,300 
5,300 
240 


101.4 
8,500 
3,200 
4,700 
670 


102.1 
7,700 
1,600 
4,700 
1,400 


102.6 
7,800 
2,400 
5,000 
460 


104.0 
13,300 
2,500 
7,000 
3,200 


Temperature oF 

Total  leukocytes 

Neutrophiles 

Lymphocytes 

Monocytes 


Days  after  subdural  inoculation  with  normal  mosquitoes. 


101.2 
7,500 
1,300 
5,700 
530 


101.0 
8,900 
1,200 
6,200 
1,300 


104.0 
8,500 
680 
6,600 
1,200 


10 


102.8 
7,500 
1,400 
4,100 
910 


103.7 
10,700 
1,300 
7,850 
1,500 


12 


102.5 
8,300 
1,450 
5,600 
1,400 
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Experiment  3, — February  19,  1929.  An  adult  rabbit  (No.  2),  which 
since  February  9  had  received  daily  intravenous  inoculations  with  3  cubic 
centimeters  of  a  3  per  cent  suspension  of  Higgins'  India  ink  in  physiolo- 
gical salt  solution,  was  inoculated  intracranially  with  0.2  cubic  centimeter 
of  a  suspension  prepared  by  macerating  three  infective  A.  segypti  in  1.5 
cubic  centimeters  of  salt  solution.  The  daily  temperature  and  leukocyte 
reactions  are  shown  in  Table  29. 

Table  29. — Rabbit  2    (dark  gray). 


Temperature oF_- 

Total  leukocytes 

Neutrophiles 

Days  after  subdural  inoculation  with  dengue-infected  mosquitoes. 

0 

103.0 
8,100 
1,500 
5,800 
490 

' 

2 

3 

4 

5 

6 

102.4 
8,200 
4,000 
3,600 
410 

102.2 
5,900 
2,750 
2,500 
600 

103.2 
6,100 
1.700 
3,500 
800 

102.4 
5,600 
1,750 
4,300 
230 

102.3 
6,500 
1,600 
3,100 
1,300 

102.0 
7,500 
2,600 
4,200 
300 

Lymphocytes 

Monocytes. 

Days  after  subdural  inoculation  with  dengue-infected  mosquitoes. 

7 

8 

102.2 
8,200 
2,400 
5,300 
320 

9 

10 

11 

102.2 
8,100 
2,700 
4,900 
320 

12 

13 

101.8 
9,200 
1,600 
3,200 
280 

Temperature oF  _  _ 

Total  leukocytes 

Neutrophiles _   __ 

102.2 
8,150 
2,600 
5,100 
250 

102.2 
7,700 
1,600 
5,200 
530 

103.0 
9,000 

990 
3.450 

540 

Lymphocytes 

Monocytes __ 

As  a  control  another  rabbit  (No.  2-A),  similarly  prepared,  was  inocu- 
lated with  a  suspension  of  normal  A.  segypti,  with  the  results  indicated 
in  Table  30. 

Table  30. — Rabbit  2-A   (light  gray). 


Days  after  subdural  inoculation  with  normal  mosquitoes. 

0 

1 

2 

3 

4 

5 

6 

Temperature oF  _  _ 

Total  leukocytes 

Neutrophiles 

102.3 
7,800 
1,100 
6,300 
400 

102.8 
7,600 
1,200 
5,300 
990 

101.8 

10,200 

810 

6,700 

2,500 

102.2 
7,400 
2,400 
4,700 
230 

101.2 
6,200 
1,600 
5,000 
190 

102.0 
6,200 
1,200 
5,200 
200 

101.8 
8,700 

860 
6,950 

690 

Lymphocytes 

Monocytes            _   _ 

Days  after  subdural  inoculation  with  normal  mosquitoes. 

7 

8 

9 

10 

11 

12 

102.2 
7,900 
1,200 
5,900 
510 

13 

Temperature oF  _ . 

Total  leukocytes 

Neutrophiles 

102.4 
9,700 
1,700 
6,800 
180 

102.0 
7,900 
1,200 
5,950 
545 

101.8 
8,100 
2,200 
5,500 
485 

101.8 
7,200 
2,000 
4,900 
150 

101.6 
8,200 
1,200 
6,650 
320 

Lymphocytes 

Monocvtes 
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Experiment  U- — February  25,  1929.  A  normal  rabbit  (No.  3)  was  ino- 
culated intracranially  with  0.25  cubic  centimeter  of  infective  blood  from 
an  experimental  case  of  dengue  (A.V.  3— A).  The  temperature  and  leuko- 
cyte reactions  of  this  rabbit  are  shown  in  Table  31. 


Table  31. — Rabbit  S  {red  rabbit). 


I    Days  after  subdural  inoculation  with  0 . 2  cc  dengue-infected 
I  blood. 


Temperature ^F. 

Total  leukocytes 

Neutrophiles 

Lymphocytes 

Monocytes 


15,800 
4,000 

10,700 
1,100 


103.8 

12,100 

2,100 

9,400 

360 


2 

3 

101.6 

102.3 

15,500 

15,300 

8,100 

6,600 

4,300 

8,000 

2,000 

760 

103.0 
13,800 

2,500 

10,800 

560 


Temperature oF 

Total  leukocytes 

Neutrophiles 

Lymphocytes 

Monocytes 


Days  after  subdural  inoculation  with  0.2  cc  dengue-infected 
blood. 


103.4 
14,000 

2,550 

10,700 

850 


102.6 
18,000 

3,500 

14,200 

365 


103.0 

11,500 

1,900 

8,900 

450 


102.4 

13,000 

2,200 

9,900 

520 


10 


102.8 
14,800 

3,300 

11,300 

455 


11 


102.6 

13,300 

3,100 

9,500 

540 


Experiment  5. — May  11,  1929.  Two  normal  rabbits  (Nos.  4  and  5) 
were  each  inoculated  intracranially  with  0.5  cubic  centimeter  amounts  of 
citrated  blood  from  Macacus  philippinensis  16.  May  15  the  rabbits  were 
again  inoculated  similarly  with  0.25  cubic  centimeter  of  infective  blood 
from  an  experimental  case  of  dengue  (A.V.  9--D).  Rabbit  4  died  im- 
mediately as  a  result  of  the  inoculation.  The  daily  temperature  and  leu- 
kocyte changes  in  rabbit  5  are  shown  in  Table  32. 

COMMENT 

Subconjunctival  and  intracranial  inoculations  of  dengue  virus  into  these 
rabbits,  which  had  previously  lived  unscreened  in  the  City  of  Manila, 
failed  to  produce  any  specific  diagnostic  evidence  of  infection  with  dengue. 


5.   GOAT 

April  16,  1929,  a  young  male  goat,  obtained  from  the  Bureau  of  Science 
farm,  was  inoculated  intratesticularly  with  0.25  cubic  centimeter  of  in- 
fective blood  from  experimental  case  of  dengue  A.V.  6-R.  No  significant 
local  or  general  reaction  was  noted.  The  rectal  temperature  showed  no 
rise.  The  total  leukocyte  counts  remained  between  13,000  and  17,800. 
However,  there  was  a  marked  decrease  in  neutrophiles  on  the  fifth  and 
sixth  days  following  inoculation.  (See  Table  33.)  Comment:  This  animal 
failed  to  show  any  significant  evidence  of  infection  with  dengue. 
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Temperature °F. 

Total  leukocytes 

Neutrophiles 

Lymphocytes 


Days  after  subdural  inoculation  with  0.5  cc  blood  from 
monkey  16. 


102.6 
7,900 
1,975 
5,927 


102.2 

8,550 

1,282.5 

7,267.5 


102.6 

6,550 

931 

5,453 


102.0 
6,800 
1,836 
4,896 


105.0 
7,350 
2,058 
5,292 


Days  after  subdural  inoculation  with  0.5  cc  blood  from 
monkey  16. 


Temperature op 

Total  leukocytes 

Neutrophiles 

Lymphocytes 


5 

104.0 

6,950 

1,598.5 

5,351.5 

6 

7 

8 

9 

104.0 

10,150 

2,030 

8,120 

102.8 

7,400 

518 

7,084 

102.0 
8,050 
885.5 
8,277 

101.8 
9,300 
1,023 



Table  33.— Goat  1. 


Temperature oP 

Total  leukocytes 

Neutrophiles per  cent . 

Lymphocytes do_ . . 

Monocytes do_  _ 


Days  after  inoculation  with  0.25  cc  dengue  blood. 


102.2 

13,900 

48 

35 

6 


102.2 

13,550 

25 

63 

2 


101.8 

13,000 

39 

50 

4 


102.0 

15,500 

27 

65 

2 


101.8 

14,350 

34 

57 

1 


Temperature ©F. 

Total  leukocytes 

Neutrophiles per  cent 

Lymphocytes do_  _ 

Monocytes do  _  - 


Days  after  inoculation  with  0.25  cc  dengue  blood. 

10 


6 

7 

101.0 

101.6 

15,650 

13,450 

19 

22 

78 

69 

1 

4 

101.2 

14,900 

51 

38 

2 


100.0 

17,850 

40 

56 

1 


101.0 

17,850 

54 

41 

4 


6.   GUINEA  PIGS 

The  guinea  pigs  used  in  the  following  experiments  had  pre- 
viously been  kept  in  an  unscreened  animal  house  in  the  City  of 
Manila  and  had  no  doubt  been  bitten  many  times  by  mosquitoes. 

Experiment  1. — April  16,  1929.  Guinea  pig  1  received  an  intratesti- 
cular  injection  of  0.25  cubic  centimeter  of  defibrinated  blood,  drawn  from 
A.V.  6-R  during  his  first  day  of  dengue.     April  22,  1929,  the  animal  was 
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sacrificed  and  examined.     There  was  no  gross  evidence  of  infection.     (See 
Table  34.) 

Experiment  2. — May  15,  1929.  Guinea  pig  2  received  intratesticularly 
1  cubic  centimeter  of  citrated  blood  obtained  from  A.V.  9-D  during  the 
first  twenty-four  hours  of  dengue  fever.  May  15  to  May  28,  no  evid- 
ence of  general  reaction  or  of  pathological  change  in  the  testicle.  May 
28,  discarded.  (See  Table  35.)  There  was  no  indication  that  dengue 
occurred  in   this  animal. 

Experiment  3, — May  15,  1929.  Guinea  pig  3  received  intratesticularly 
1  cubic  centimeter  of  citrated  blood  obtained  from  A.V.  9-D  during  the 
first  twenty-four  hours  of  experimental  dengue  fever.  May  18  fed  eighty- 
eight  Aedes  asgypti,  designated  as  lot  21  (see  record  of  A.  asgypti).  [This 
lot  of  mosquitoes  was  tested  for  infectivity  June  5,  1929,  by  feeding  forty- 
five  of  them  on  a  susceptible  volunteer  (A.V.  14r-A),  but  dengue  did  not 
develop.]  (See  Table  35.)  The  guinea  pig  was  then  sacrificed  and  ex- 
amined, but  no  evidence  of  pathology  was  noted.  One  cubic  centimeter 
of  blood  from  the  heart  was  injected  into  the  testicle  of  guinea  pig 
6.  The  testicle  was  removed,  emulsified  in  0.85  cubic  centimeter  of  saline, 
filtered  through  a  preliminary  Mandler  filter,  which  retained  M.  meliten- 
sisy  and  0.5  cubic  centimeter  of  the  filtrate  was  injected  subcutaneously 
into  guinea  pigs  7  and  8.  No  evidence  was  obtained  to  indicate  that 
guinea  pig  3  had  dengue. 

Experiment  Jf. — May  18,  1929.  Guinea  pig  4  was  injected  intratesti- 
cularly with  0.5  cubic  centimeter  of  citrated  blood  from  A.V.  12-S,  who 
was  in  the  first  twenty-four  hours  of  dengue  fever.  May  18  to  30,  1929, 
no  evidence  of  infection.  (See  Table  35.)  Testicle  showed  no  enlargement. 
Lymph  glands  not  palpable.  May  30,  1929,  discarded.  There  was  no 
evidence   that   dengue   occurred   in   this  animal. 

Experiment  5. — May  18,  1929.  Guinea  pig  5  was  injected  intratesti- 
cularly with  0.5  cubic  centimeter  of  citrated  blood  obtained  from  A.V. 
12-S  during  the  first  .twenty-four  hours  of  dengue  fever.  May  18  to  30, 
not  sick.  Testicles  and  lymph  glands  normal.  Slight  leukopenia  was 
noted  on  the  fifth  day.  May  30,  discarded.  This  animal  showed  no  sig- 
nificant evidence  of  infection  with  dengue.     (See  Table  35.) 

Experiment  6, — May  18,  1929.  Guinea  pig  6  was  injected  intratesti- 
cularly with  1  cubic  centimeter  of  blood  from  the  heart  of  guinea  pig 
3.  (Guinea  pig  3  showed  leukopenia  this  date  and  was  sacrificed  for 
examination.)  May  18  to  30,  no  evidence  of  illness;  testicles  and  lymph 
glands  normal.  (See  Table  35.)  May  30,  discarded.  This  animal  showed 
no   significant  evidence  of   dengue. 

Experiment  7. — May  18,  1929.  Guinea  pig  7  was  injected  intratesti- 
cularly with  0.5  cubic  centimeter  of  filtrate  obtained  by  passing  an  emul- 
sion of  testicle  from  guinea  pig  3  through  a  preliminary  type  of  Man- 
dler filter.  May  22,  1929,  normal;  no  change  in  testicles  and  no  en- 
largement of  inguinal  lymph  nodes.  May  23,  1929,  slight  leukopenia 
developed,  but  the  animal  was  apparently  normal.  (See  Table  35.)  Sa- 
crificed for  autopsy  and  to  obtain  material  for  injection  into  guinea  pigs 
11,  12,  and  13.  See  protocols.  No  evidence  of  pathology  noted.  This 
animal  showed  no  significant  evidence  of  dengue. 

Experiment  8, — May  18,  1929.  Guinea  pig  8  received  an  intratesticular 
injection  of  0.5  cubic  centimeter  of  a  filtrate  obtained  by  passing  an  emul- 
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sion  of  the  testicle  of  guinea  pig  3  through  a  preliminary  type  of  Han- 
dler filter.  (Guinea  pig  3  had  a  leukopenia  May  18,  but  was  apparently 
not  sick.)  May  19  to  30,  no  evidence  of  testicular  change,  enlargement 
of  inguinal!  lymph  nodes,  or  of  illness;  no  leukopenia.  (See  Table  35.) 
May  30,  discarded.     This  animal  showed  no  significant  evidence  of  dengue. 

Experiment  9. — May  23,  1929.  Guinea  pig  9  was  injected  intrates- 
ticularly  with  0.75  cubic  centimeter  of  citrated  blood  obtained  from  A.V. 
13-W,  during  the  first  twenty-four  hours  of  dengue  fever.  May  24  to 
June  2,  no  evidence  of  testicular  change,  glandular  enlargement,  or  of 
illness.  (See  Table  35.)  June  2,  discarded.  This  animal  showed  no 
significant  evidence  of  dengue. 

Experiment  10, — May  23,  1929.  Guinea  pig  10  was  injected  intrates- 
ticularly  with  0.75  cubic  centimeter  of  citrated  blood,  obtained  from  A.V. 
13-W,  during  the  first  twenty-four  hours  of  dengue.  May  24  to  June  5, 
no  evidence  of  reaction  in  testicle  or  enlargement  of  lymph  glands;  there 
was  no  significant  indication  of  illness.     (See  Table  35.) 

Experiment  11, — May  23,  1929.  Guinea  pig  11  was  injected  intrates- 
ticularly  with  0.75  cubic  centimeter  of  blood  from  the  heart  of  guinea  pig 
7,  which  showed  a  slight  leukopenia  on  this  date.  May  24  to  June  4, 
no  evidence  of  illness  or  leukopenia  (see  Table  35) ;  or  of  reaction  in  the 
testicle  or  lymph  glands.    June  5,  discarded. 

Experiment  12, — May  23,  1929.  Guinea  pig  12  was  injected  intrates- 
ticularly  with  0.5  cubic  centimeter  of  a  saline  emulsion  of  the  testicle 
from  guinea  pig  7,  which  showed  a  slight  leukopenia  on  this  date  but 
was  otherwise  normal.  May  24  to  June  5,  no  change  in  the  testicle  or 
in  the  lymph  glands.  The  animal  appeared  well  and  there  was  no  leuko- 
penia.    (See  Table  35.)     This  animal  showed  no  evidence  of  infection. 

Experiment  13. — May  23,  1929.  Guinea  pig  13  was  injected  intrates- 
ticularly  with  0.5  cubic  centimeter  of  an  emulsion  of  testicle  removed  from 
guinea  pig  7.  May  24  to  June  5,  no  evidence  of  illness,  testicular  change, 
or  of  enlargement  of  the  lymph  glands.  May  27,  the  fifth  day  after  the 
inoculation,  there  was  a  decrease  in  leukocytes,  but  as  this  also  occurred 
June  5,  it  must  be  discounted.  This  animal  showed  no  evidence  of  in 
fection. 

An  attempt  was  made  to  obtain  nonimmune  guinea  pigs  in 
the  following  manner:  Pregnant  female  guinea  pigs  were  kept 
in  mosquito-proof  cages  for  at  least  a  week  before  they  gave 
birth  to  young.  The  young  were  kept  in  the  screened  cages  un- 
til used  experimentally. 

Experiment  lU. — February  28,  1930,  11  a.  m.  Guinea  pig  14-A,  born 
sixteen  days  before  and  kept  in  a  screened  cage,  was  bitten  by  seven 
Aedes  segypti  of  lot  135.  This  lot  of  mosquitoes  had  been  infected  Decem- 
ber 13,  1929  (seventy-seven  days  previously)  from  A.V.  61-J.  During 
thirteen  days  observation,  from  February  28  to  March  13,  there  was  no 
evidence  of  illness  and  the  daily  temperature  records  and  leukocyte  counts 
were  not  considered  significant  of  infection.  In  order  to  test  for  a  pos- 
sible symptomless  dengue  infection,  normal  A'edea  ssgypti  were  fed  as 
follows:  March  4,  fed  twenty-six;  March  5,  fed  twenty-two;  March  6,  fed 
twenty-eight;    March    7    fed   thirty-two,    and    Match    8,    fed    twenty-six. 
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These  mosquitoes  were  combined,  designated  lot  175,  and  on  March  20, 
1930,  one  hundred  two  fed  on  a  susceptible  volunteer  (A.V.  89-S).  This 
volunteer  did  not  develop  dengue  and  he  was  later  proved  susceptible  to 

infection  by  known  infected  mos- 
quitoes. March  13,  1930,  the  gui- 
nea pig  died.  Comment:  The 
feeding  of  dengue  infected  Aedes 
aegypti  on  a  sixteen-day-old  guinea 
pig,  which  for  the  duration  of  its 
life  had  been  screened  from  mos- 
quitoes, did  not  cause  infection  with 
dengue.  It  was  considered  possible 
that  the  age  of  the  animal,  16  days, 
might  account  for  its  apparent 
immunity. 

Experiment  15. — March  19,  1930. 
Guinea  pig  15-B,  which  had  been 
born  fifteen  days  previously  and 
kept  in  a  screened  cage,  was  bitten 
by  twelve  A,  segypti  of  lot  165. 
This  lot  of  mosquitoes  had  been  po- 
tentially infected  thirty-nine  days 
previously  by  feeding  on  A.V.  76- 
M,  during  the  first  day  of  dengue, 
and  had  subsequently  transmitted 
dengue  to  A.V.  86-B.  From  March 
19  to  April  3  the  guinea  pig  re- 
mained normal  in  appearance.  The 
daily  temperature  records  and  leu- 
kocyte counts  are  shown  in  the 
accompanying  chart  (fig.  51). 
The  latter  record  is  suggestive  of 
dengue  infection.  In  order  to  de- 
termine the  possibility  of  the  de- 
velopment of  a  symptomless  in- 
fection, normal  A,  segypti  were  fed 
as  follows:  March  24,  thirty-two 
fed;  March  25,  thirty-two  fed; 
March  26,  twenty-one  fed,  and 
March  27,  twenty  fed.  These  mos- 
quitoes were  combined  and  desig- 
nated lot  187.  April  23,  1930, 
twelve  mosquitoes  of  this  lot  fed 
on  an  Ilocano  volunteer,  F.V.  34- 
R,  at  Baguio,  Mountain  Province, 
but  dengue  did  not  follow.  The 
susceptibility  of  this  volunteer  was  not  determined,  but  as  he  had  lived 
in  the  lowlands  he  was  probably  immune.  April  29,  1930,  four  mosqui- 
toes of  lot  187  fed,  and  April  30  eight  fed  on  volunteer  A.V.,  98-R  but 
did  not  cause  dengue.  This  volunteer  was  subsequently  proved  to  be 
immune.     Comment:  The  first  volunteer  used,  F.V.  34-R,  being  a  lowland 


GUINEA  PIG  No.  14C\>         1 

I    m 

< 

5     103 

i     101 

"      99 

97 

fed  TA.Aegv 
Lotl35Fe( 

pli 
.28 

FedNopmalA.Af^pti 
daily  March  4  to  8 

H 

n 
105  % 

103^ 

101  ^ 

n 
99 

97 

FEB 
28 

m 

1 

RCH 
Z 

'1 

J= 

J= 

=2= 

8 

y 

^ 

^ 

^ 

^ 

^ 

' 

■"" 

10000 
9000 
snno 

9000 

7000 

r 

6000  c 

to 

^    Rnnn 

^     DUUU 

g    5000 
S   4000 
"■    3000 

TOT 

^ 

^5 

? 

F 

s 

5000  S 
4000^ 
3000 '^ 
2000 
1000 
0 

N 

s 

•• 

L\f 

PHO 

!YTi 

5 

1000 
0 

iZ 

iOCV 
ITRfl 

TE5 

PUII 

*5 

\ 

^ 

niiL 

>Jf.7. 

Sir* 

«*=: 

-.— 

=:i» 

«cj 

?fi[ 

ti 

'"' 

1           GRANULOCYTES-RATIO-YOUNG  TO  MATURE 
i                          1                          1 

10000. 

> 

c 

1000^ 

i 

100  ^ 
100^ 

i 

m 
10 

=zr= 

zrz 



— 

— 

' 

_ 

— 

~T~j 

h^— - 

=^ 



ti-ri 

Oil 

uni 

— 

\ 

, 

\^ 

■a^ 

'\ 

ii 

'l?r 

\rf 

.,_. 

^ 

_ 



A/All 

JfL^^ 

5 — 



' 

■TOT 

\ 

„ 

j 

\ 

\ 

/ 

1 

V 

V 

/ 

\ 

,^, 

L 

^ 

L 

^^ 

i- 

1. 

Fig.  50.    Experimental   dengue    in   guinea   pig 
14-A. 


DENGUE  IN  LOWEE  ANIMALS 


201 


•0 

•I 


5S 


I 

•9 

I 
I 


% 

H 


» 

c 

o 

•«o 

a>      .           <u           Q>           ^      .      .                 I' 

9 

>    6  ^    >  ^   >  ^   >    o    o^^.^ 

.■3 

*+3  n  t:.  -iS  t:,  +3  t:  •«  Q  Q  t:  t^  *3 

o 

C)                        0)               O                Q>                                         0) 

U 

;z;          12;      12:      12:                 iz; 

•u 

««.    c 

§«-J 

t?^2 

2    6    6    6    d    d    d    6    d    6    6    6    o 

S-S's- 

S   - 

^   !   i   i   !   i   :   !   1   i   i   i   1 

n 

&^ 

;;;;;;;;;;;; 

•53  1 

1    1    1    1    1    1    1    1    1    1    1    1 

^.3 

gdddddddddddd 
g'd'O'd'Ta'd'O'O'rJ'd'O'd'O 

o 

^2 

rt 

o° 

Z     \     \     \     \     \     J     i     j     i     ;     i     ; 

o 

^a 

«4-l 

o 

i]  M  M  i  M  U  1 

+» 

1  >»  1   .   .   1   1   .   1   1  -c   ' 

1 

1 

o 

^ 

1  ^   ;   i   :   :   !   :   !   !  -o   ; 

1                 1        1        I        1        1        1        1        1    CO        1 

»   :  «    :  42    !    :    :    !    :  ^  1    : 

^ 

-S     i  Ts     i   "     .     i     ;     ,     .  Tj   ««    i 

g 

-«   ;  g   ;  5   :   ;   i   ;   :  -o  -«   ; 

»2 

^^          '     S          1      4J          1      aJ           1     ^      ^      aT     JJ          ! 

liiilili'llli 

> 

s 

oooooooooooo 

s 

^   i   i   ;   !   i   i   !   !   i   i   i   ; 

s^ . 

^«5NcoeCvlMiO^O>NCOCOCO 

-S^a 

515 

o 

1 

i 

1      1      t      1      1      1      1      1      1      1      1      1      1 

,« 

c    . 

^    o    o    d    o    o    o    d    o    d    d    o    o 
.S'cj'd'O'dxi'cjxi'ci'ci'ci'tJ'd 

o.^ 

^ 

g      1      ' ' 

m 

H     I     1    1     1     I     1    j     1     1     !     1     1 

1 

<3     • 

irt                                                            VO    lO    lO 

5^  o 

00»OU50U3irit-tr-t-iOU5 

rH     ^H     O     O     r-i     O     O     O     O     O     O     O 

3 

a   en   Oi   oi  0>    oi   Oi  a   Oi   Oi   9i   Oi  oi 

C<IC»(M(MN(MC<ie<IC^C<IC<l(MC<l 

050iCT)a>0>CfS0S0>0V0>0i0>0i 

> 

2 

i 

«oioiooooooooooocococo«eo 

:i 

Q 

^^r-tT-ltHtHTHiHOJClNNM 

c 

»:  >»>»>.>>>»>»>»>»>»>>>»>» 

Q> 

c«ciiciic«ci]c<]c4ciscacacaosca 

i^i^i^i^sssi^si^i^s:^ 

•^ 

13 

o 
c 

■| 

ta 

rt 

1    !    !     1    1  «>    {    ;    ;    ;  i>    ; 

B 

1      1      1       leobfl"      '       it-hfli 

o 

(V 

> 

a; 

;    ;    ;    ;  m  'S,   ;    ;    ;  m  'a    ; 

i  i  i  I'li  i  i  isl  i 

s 

pi 
> 

>>>>  o'^    :  >  >  1  8    1 

^<j<5<J<JPQH      ;<<JPQH      j 

s^ 

^NCO'«flO<Ot>OOOiOiHNCO 

S:? 

•Sbo 

o-a 

p.  * 

I  s 

d  o 

>>  ^ 


1^ 


202 


EXPERIMENTAL  STUDIES   OF  DENGUE 


a^    ^5   1^    ^-3 
55oSo<»o<yo 


DENGUE  IN  LOWER  ANIMALS 


203 


3 


O    00    O    Tj<    o    «o 


O    Tl*    O    00    o    «o 
0>     O     iH     tH     CO     Oi 


Oi     iH     t-     »H     00 


O     0>     O     00     O     O) 


o    «o    O    "^ 


iO     iH     CO     tH 


o  «e  o  00 

U3  '  ^  ' 

t-  O  CO  N 

~  o  •>  o 

00  t-i  «£>  '-I 


0<OOOOOtHO«0 
O       •    irt       .    la    o    o 
OOOlOOlOiHOOO 


OOOO'^O'*©?© 
o       •    O       '    »o       •    o 


ONOOOO-^ON 

o      •   ko      •   o      '   \a 

TfO^OCOTHCOO 


O'^O'OO'^ONOOO 


o>    CO    N    <:o 


O    W    O    00    o> 
O       •>    O       -    Oi 

rH     O     rH     O 


204 


EXPERIMENTAL  STUDIES   OF  DENGUE 


Filipino,  was  probably  immune.  The  second  volunteer,  A.V.  98-R,  was 
immune.  Since  both  of  the  volunteers  were  immune,  no  conclusion  could 
be  drawn  relative  to  the  infection  of  guinea  pig  15-B. 

Experiment  16. — March  19,  1930.     Guinea  pig  16-C,  which  had  been  born 

in  a  screened  cage  and  kept  there 
for  fifteen  days,  was  bitten  by  ten 
known  infected  A.  albopictus  of  lot 
160.  This  guinea  pig  showed  no 
symptoms  of  infection  during  the 
following   two    weeks. 

The  temperature  and  leukocyte 
counts  are  shown  in  fig.  52.  The 
leukocyte  curve  suggested  dengue 
infection.  Normal  A.  segypti  were 
fed  on  this  guinea  pig  as  follows: 
March  24,  thirty-one  fed;  March 
25,  thirty-four  fed;  March  26, 
twenty  fed,  and  March  27,  twenty 
fed.  These  mosquitoes  were  com- 
bined and  designated  lot  188. 
April  23,  1930,  twenty-five  mosqui- 
toes of  lot  188  fed  on  an  Ilocano 
volunteer,  F.V.  30-M,  at  Baguio, 
Mountain  Province,  but  failed  to 
cause  dengue.  The  susceptibility 
of  F.V.  30-M  was  never  deter- 
mined, but  as  he  had  lived  in  the 
lowlands,  he  was  probably  im- 
mune. April  29,  six  fed,  and 
April  30,  twelve  mosquitoes  of  lot 
188  fed  on  a  susceptible  volunteer, 
A.V.  96-H,  but  did  not  cause  den- 
gue. Comment:  The  first  volun- 
teer used,  F.V.  30-M,  being  a  low- 
land Filipino,  was  probably  im- 
mune. While  guinea  pig  16-C 
was  only  fifteen  days  old  and 
might  have  been  immune  to  dengue, 
the  fact  that  only  eighteen  of  the 
mosquitoes  that  took  blood  from 
it  later  fed  on  the  American  vo- 
lunteer makes  it  impossible  to  con- 
„       .  ,    ,  .         .  .       elude  that  the  animal  was  not  in- 

Ftg.  51.    Experimental    dengue    in    gruinea    pig        .      ,     _ 

15_B.  fected. 
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MONKEYS 


The  recent  discovery  that  certain  species  of  monkeys  from 
nonendemic  areas  are  susceptible  to  infection  with  the  virus  of 
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yellow  fever  suggested  the  possibility  that  the  case  with  dengue 
might  be  similar.  Accordingly,  five  Macacits  rhesus,  which  had 
lived  in  the  National  Zoologic^al  Park  in  Washington,  D.  C,  for 
several  years,  including  at  least  one  animal  born  there,  were 
obtained  in  May,  1928, 
through  the  courtesy  of  the 
director,  Dr.  W.  M.  Mann. 
These  monkeys  were  placed  in 
screened  mosquito-proof  cages 
and  brought  on  an  Army 
transport  via  Panama  to  Ma- 
nila, where  they  arrived  June 
30,  1928.  They  were  kept  in 
screened  cages  at  the  Bureau 
of  Science  until  used  experi- 
mentally early  in  1929. 
Later  in  1929  arrangements 
were  made,  through  Colonel 
Bunshiro  Tanabe,  M.  C,  Im- 
perial Japanese  Army,  with 
an  animal  dealer  in  Tokyo  for 
the  purchase  of  two  lots  of 
Japanese  monkeys — Macacus 
fuscatus.  Five  monkeys  of 
the  first  shipment  died  en 
route,  and  the  one  animal  that 
arrived  safely  in  Manila  was 
in  an  unscreened  box.  The 
four  Japanese  monkeys  of  the 
second  shipment,  which  ar- 
rived several  months  later  in 
good  condition,  were  trans- 
ported in  screened  mosquito- 
proof  cages.  As  a  control  on 
the  groups  of  M.  rhesus  (Au- 
debert)  (15)  from  Washington 
and  M.  fuscatus  (Blythe)  (15) 
from  Tokyo,  a  large  number 
of  native  Philippine  monkeys,  Macacus  philippinensis  S.  Geoff  roy 
(15)  (Cynomolgus  philippinensis),  obtained  both  from  endemic 
dengue  areas,  such  as  Manila,  and  from  dengue-free  localities 


Fig.    52.    Experimental    dengue    in    guinea   pig 
16~C. 
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in  the  mountains  of  northern  Luzon,  were  also  used  in  trans- 
mission experiments. 

Source  of  dengue  virus. — In  all  of  the  experiments,  excepting 
No.  13,  the  materials  used  in  attempting  to  infect  the  monkeys 
were  known  to  have  contained  dengue  virus  in  amounts  suf- 
ficient to  infect  man.  The  blood  from  dengue  patients  injected 
into  the  monkeys  was  usually  drawn  on  the  first  day  of  the  dis- 
ease, never  later  than  the  second  day;  and  in  practically  every 
instance  its  infectivity  was  proved  by  the  fact  that  normal  A. 
^gypti,  fed  on  the  patient  at  the  time  the  blood  was  collected,  later 
transmitted  dengue  to  man.  That  the  lots  of  mosquitoes  fed  on 
monkeys  were  infected  was  indicated  by  the  fact  that  other  mos- 
quitoes of  the  same  lots  transmitted  dengue  to  human  volunteers. 

Recognition  of  dengue  infection  in  inoculated  monkeys. — 
Previous  studies  of  the  striking  leukocyte  curves  obtained  in 
making  daily  counts  of  blood  cells  from  a  series  of  experi- 
mental cases  of  dengue  in  man,  suggested  the  possibility  that 
similar  daily  observations  on  monkeys,  during  the  period  fol- 
lowing the  inoculation  of  dengue  virus,  might  serve  as  a  means 
for  the  identification  of  the  infection,  should  it  occur  in  these 
animals.  Consequently,  in  the  earlier  experiments  with  mon- 
keys, the  observations  were  limited  almost  entirely  to  daily 
studies  of  the  physical  appearance,  temperature  reactions,  and 
leukocyte  curves. 

The  temperature  observations  were  made  by  rectum,  usually 
about  11  a.  m.  with  an  ordinary  clinical  thermometer.  Blood 
for  the  leukocyte  counts  was  collected  at  the  same  time  each 
day  from  a  finger  or  toe.  Experience  in  making  several  hun- 
dred leukocyte  counts  on  normal  monkeys  indicated  that  a  great 
variation  is  to  be  expected  in  the  total  leukocyte  counts  made 
at  different  times  from  the  same  animal.  Therefore,  in  studying 
the  results  obtained  in  the  transmission  experiments,  it  was 
considered  necessary  to  discount  any  but  marked  changes  in  the 
leukocyte  counts.  These  observations  were  made  on  each  animal 
used  for  a  period  of  from  two  to  ten  days  before  the  experimental 
inoculation. 

In  the  later  experiments  the  occurrence  of  infection  was  de- 
termined by  feeding  normal  Aedes  on  the  monkeys  each  day 
during  the  period  of  possible  infection  and  by  subsequently 
testing  these  composite  groups  of  mosquitoes  for  virus  by  feed- 
ing them  on  susceptible  human  volunteers. 
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I.  OBSERVATIONS  ON  THE  TEMPERATURE  AND  LEUKOCYTE  REACTIONS  OF  MA- 
CACUS  RHESUS,  M.  FUSCATUS,  AND  M.  PHILIPPINBNSIS,  FOLLOWING  THEIR 
INOCULATION   WITH   DENGUE  VIRUS 

MACACUS    RHESUS 

Experiment  1, — January  10,  1929.  Macacus  rhesus  2  from  Washington, 
D.  C,  was  bitten  this  date  by  four  infected  A.  segypti  of  lot  1,  and  Jan- 
uary 11  by  three  more  mosquitoes  of  the  same  lot.  No  physical  signs  of 
dengue  were  observed.  The  rectal  temperature  reactions  were  irregular. 
The  total  leukocyte  count,  which  was  15,050  cells  January  10,  dropped  to 
10,400  January  13,  then  rose  abruptly  to  22,850  on  the  14th,  after  which 
it  returned  to  8,000  January  17.  The  enormous  increase  in  cells  January 
13  was  due  largely  to  a  lymphocytosis,  while  on  the  other  hand  the  neu- 
trophiles  decreased  markedly  January  13,  15,  16,  and  17. 

This  monkey  was  tested  again  April  20,  1929,  by  the  injection  of  2  cu- 
bic centimeters  of  citrated  blood  from  F.V.  18-P.  The  reaction  was  not 
significant. 

Comment, — In  these  experiments  the  evidence  was  not  considered  suffi- 
cient to  indicate  whether  or  not  this  animal  had  developed  dengue. 

Experiment  2, — January  31,  1929.  Macacus  rhesus  3  from  Washington, 
D.  C,  was  bitten  by  fifteen  infected  A.  segypti  of  lot  3.  No  evidence  of 
illness  was  recognized;  both  the  temperature  and  leukocyte  curves  were 
irregular  and  within  the  normal  range.  Comment:  In  this  experiment 
the  evidence  did  not  indicate  whether  or  not  dengue  had  occurred. 

Experiment  S, — January  31,  1929.  Macacus  rhesus  4  from  Washington, 
D.  C,  was  injected  subcutaneously  with  0.75  cubic  centimeter^  of  a  sus- 
pension made  by  macerating  twenty-two  infected  A.  segypti  of  lot  3  in  2 
cubic  centimeters  of  physiologic  salt  solution.  There  was  no  significant 
change  in  the  daily  temperature  or  leukocyte  reactions  following  the  in- 
jection. The  lowest  leukocyte  count,  8>500,  was  obtained  on  the  fifth  day 
after  injection. 

Another  attempt  to  infect  this  monkey  was  made  April  20,  1929.  With 
2  cubic  centimeters  of  citrated  blood  from  F.V.  18-P.  The  reactions  were 
not  significant. 

Comment. — In  the  experiment  on  this  animal  the  evidence  failed  to  in- 
dicate whether  or  not  dengue  had  occurred. 

Experiment  Jf. — February  28,  1929.  Macacus  rhesus  5  was  brought  to 
Manila  in  a  screened  cage  from  Washington,  D.  C,  but  escaped  on  arrival 
in  Manila  and  spent  one  night  unscreened  before  he  was  recaptured. 
February  28,  1929,  this  monkey  was  bitten  by  twelve  infected  A.  segypti 
of  lot  3.  As  with  the  other  four  monkeys  of  this  species,  no  significant 
diagnostic  change  was  observed  in  the  temperature  or  leukocyte  curves. 
An  enormous  increase  in  neutrophilic  granulocytes  occurred  from  the 
fifth  to  the  tenth  day.  Comment:  In  this  experiment  the  evidence  failed 
to  indicate  whether  or  not  dengue  had  occurred. 

MACACUS    FUSCATUS 

Experiment  5, — ^March  1,  1929^  Macacus  fuscatus  1,  brought  to  Manila 
in  an   unscreened  cage  from  Tokyo,  Japan,  was  bitten  by  one  infected 
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A,  segypti  of  lot  3,  and  again  March  2  by  two  mosquitoes  of  lot  3  and  by 
two  of  lot  2.  This  monkey  showed  an  enormous  increase  in  the  numbers 
of  lymphocytes,  which  rose  from  4,770  March  1  to  12,560  March  7.  Very 
little  change  was  observed  in  the  numbers  of  neutrophiles.  Comment :  This 
type  of  leukocyte  reaction  is  the  reverse  of  that  observed  during  dengue  in 
man.  However,  at  the  time  of  the  experiment  it  was  considered  possible 
that  it  might  represent  a  peculiar  response  of  M,  fuscatus  to  infection 
with  dengue  virus ;  and  this  led  us  to  order  another  group  of  these  monkeys 
from  Japan  for  further  experimental  use.  From  later  observations  it  is 
believed  that  the  lymphocytosis  observed  in  this  monkey  (No.  1)  was 
probably  due  to  causes  other  than  dengue. 

Note,— ^hsiter  M.  fiiscatus  1  was  inoculated  intracardially  with  2  cubic 
centimeters  of  citrated  blood  from  a  typical  clinical  case  of  dengue  (F. 
V.  18— P).  The  temperature  and  leukocyte  reactions  following  this  inoc- 
ulation were  not  considered  significant. 

MACACUS   PHILIPPINENSIS 

Experiment  6. — December  17,  1928  (noon).  Macacus  philippinensis  1, 
obtained  in  Manila,  was  injected  subcutaneously  with  1.5  cubic  centimeters 
of  citrated  infected  blood,  which  had  just  been  collected  from  a  case  of 
dengue  (Keller)  during  the  second  day  of  the  disease.  The  infectivity 
of  this  blood  was  proved  by  the  fact  that  A.  segyptiy  lot  1,  which  fed  on 
Keller  at  the  same  time,  later  transmitted  dengue  to  human  volunteers. 
The  monkey,  however,  failed  to  show  any  recognizable  physical  signs  of 
infection  and  there  was  no  striking  change  in  the  daily  rectal  temperature 
reactions.  However,  on  the  fourth,  fifth,  and  sixth  days  after  inocula- 
tion, there  occurred  a  decrease  in  the  number  of  leukocytes,  particularly 
the  neutrophilic  granulocytes.  This  was  accompanied  by  the  appearance 
of  from  4  to  6  per  cent  of  the  large  vacuolated  monocytes  commonly 
found  during  or  at  the  end  of  dengue  in  man.  Comment:  The  decrease 
in  leukocytes  observed  in  this  monkey  occurred  within  the  period  usually 
required  for  the  appearance  of  dengue  in  man;  and  while  not  proved  to 
be  diagnostic  of  the  infection  in  this  instance,  the  reaction  was  considered 
suggestive. 

Experiw.ent  7. — December  17,  1928  (noon).  Macacus  philippinensis  2, 
obtained  in  Manila,  was  inoculated  subcutaneously  with  1.5  cubic  centi- 
meters of  citrated  blood,  which  had  just  been  collected  from  a  dengue 
patient  (Keller)  during  the  second  day  of  the  disease.  Aedes  sagypti,  lot 
1,  fed  on  Keller  at  this  time,  later  transmitted  dengue  to  susceptible 
human  volunteers.  After  inoculation  the  monkey  was  observed  for  two 
weeks,  during  which  time  there  was  no  evidence  of  eruption  or  other 
physical  signs  of  dengue.  The  daily  rectal  temperature  fluctuations  were 
within  normal  limits.  However,  there  was  a  marked  decrease  in  the 
leukocyte  counts,  from  a  preliminary  count  of  12,050  to  about  5,000  cells 
on  the  fourth  and  fifth  days  after  inoculation.  This  was  due  almost  en- 
tirely to  a  decrease  in  the  number  of  neutrophiles.  Comment:  The  daily 
leukocyte  curve  of  this  monkey  suggested  the  possibility  that  infection 
with  dengue  might  have  occurred  about  the  fourth  or  the  fifth  day. 

Experiment  8, — January  10,  1929.  Mdcacus  philippinensis  4,  obtained 
in    Manila,   was   bitten   by   thirteen   infected    A.   mgypti  of   lot   1.     This 
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animal  showed  no  physical  signs  of  illness.  There  was  considerable  va- 
riation in  the  daily  leukocyte  counts,  but  the  curve  was  not  considered 
indicative  of  dengue  infection. 

Experiment  9. — January  31,  1929.  Macacus  philippinensis  6,  obtained 
in  Manila,  was  bitten  by  ten  infected  A,  aegypti  of  lot  3.  The  daily 
temperature  variations  were  within  normal  limits,  while  the  number  of 
leukocytes  increased  steadily  during  the  twelve  days  observation.  There 
was  no  indication  that  this  animal  had  developed  dengue. 

Experiment  10, — January  31,  1929.  Macacus  philippinensis  7,  obtained 
in  Manila,  was  injected  subcutaneously  with  0.75  cubic  centimeter  of  a 
suspension  prepared  by  macerating  twenty-two  infected  A.  s^gypti,  lot  3, 
in  2  cubic  centimeters  of  physiologic  salt  solution.  There  was  no  ele- 
vation of  temperature.  The  leukocyte  counts  dropped  from  10,050  before 
inoculation  to  about  7,000  on  the  fifth,  sixth,  and  seventh  days,  which 
was  not  considered  significant. 

Experiment  11, — February  28,  1929.  A  long-tailed  monkey  of  unknown 
origin  (No.  8),  brought  to  the  Philippine  Islands  by  a  sailor,  was  ob- 
tained in  Manila  from  the  Bureau  of  Science.  This  monkey  was  bitten 
by  five  infected  A,  segypti,  lot  2.  There  was  no  elevation  of  temperature. 
The  leukocyte  counts,  which  had  fluctuated  between  14,700  and  17,450 
before  inoculation,  were  9,150  and  8,850  the  sixth  and  seventh  days.  How- 
ever, in  view  of  the  great  normal  daily  fluctuations  noted  later,  these 
observations  were  not  considered  to  be  significant  of  dengue. 

Experiment  12. — February  28,  1929.  A  long-tailed  monkey  of  un- 
known origin  (No.  9),  brought  to  the  Philippine  Islands  several  years  ago 
by  a  sailor,  was  obtained  from  the  Bureau  of  Science.  This  monkey  was 
bitten  by  eleven  infected  A,  segypti  of  lot  2.  No  evidence  of  dengue  was 
observed  by  physical  examination  or  from  the  daily  temperature  reaction. 
The  preliminary  leukocyte  counts  varied  from  12,350  to  17,650.  The  lowest 
count  obtained  from  this  monkey  was  7,900  cells  on  the  fourth  day  after 
inoculation.     This  was  not  regarded  as  significant. 

Experiment  13. — April  20,  1929.  Macacus  philippinensis  7  was  inoc- 
ulated intra cardially  with  2  cubic  centimeters  of  citrated  blood  from  a 
typical  but  unproved  case  of  dengue  (F.V.  18-P) .  No  evidence  of  dengue 
was  observed  in  this  monkey  during  a  period  of  nine  days.  April  25, 
2  cubic  centimeters  of  blood  was  drawn  from  the  heart  of  monkey  M. 
philippinensis  7  and  injected  intracardially  into  monkey  9.  May  2,  seven 
days  later,  3  cubic  centimeters  of  citrated  blood  from  the  heart  of  mon- 
key 9  was  inoculated  intracardially  into  M.  philippinensis  14.  May  7, 
five  days  later,  2  cubic  centimeters  of  citrated  blood  from  monkey  14 
was  inoculated  intracardially  into  M.  philippinensis  16,  and  May  11,  2 
cubic  centimeters  of  citrated  blood  from  M.  philippinensis  4  was  again 
inoculated  into  monkey  16  and  2  cubic  centimeters  into  M.  philippinensis 
17.  May  11,  2  cubic  centimeters  of  citrated  blood  from  the  heart  of 
monkey  16  was  injected  intrapleurally  into  M.  philippinensis  18.  The  six 
monkeys  used  in  this  series  of  tests  all  failed  to  show  any  significant  in- 
dication of  dengue  infection. 

Experiment  lU- — April  29,  1929.  Macacus  philippinensis  10  and  11, 
obtained  in  Manila,  were  each  inoculated  intracardially  with  2  cubic 
centimeters   of  infective  blood,  which  had  just  been   collected    from    an 
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experimental  case  of  dengue  (A.V.  10-H)  during  the  first  day  of  the 
disease.  There  was  no  apparent  change  in  the  physical  appearance  of 
this  monkey.  However,  the  temperature  of  monkey  11  reached  104°  P. 
on  the  fifth  day,  and  on  the  sixth  day  the  neutrophilic  granulocytes  and 
lymphocytes  of  this  monkey  were  markedly  reduced.  Monkey  11  showed 
nothing  of  significance  with  the  possible  exception  of  a  reduction  in  neu- 
trophils after  the  fourth  day.  These  reactions  were  not  considered  diag- 
nostic. 

Experiment  15, — May  1,  1929.  Macacus  philippinensis  12  and  13,  ob- 
tained in  Manila,  were  each  injected  intracardially  with  5.5  cubic  centime- 
ter amounts  of  citrated  blood  immediaitely  after  its  collection  from  an  ex- 
perimental case  of  dengue  (A.V,  8-G),  during  the  first  day  of  the  dis- 
ease. The  daily  temperature  and  leukocyte  reactions  failed  to  show  any 
significant  changes. 

Experiment  16. — May  14,  1929.  Macamis  philippinensis  20  and  21, 
both  very  young,  were  obtained  in  Manila.  Each  was  injected  subcu- 
taneously  with  2  cubic  centimeters  of  citrated  blood  drawn  from  an  ex- 
perimental case  of  dengue  (A.V.  9-D)  during  the  first  day  of  the  disease. 
May  15,  each  received  an  additional  2  cubic  centimeters  of  citrated  blood 
from  (A.V.  9-D)  subcutaneously.  Neither  showed  any  physical  evidence 
of  illness,  and  the  temperature  and  leukocyte  counts  were  irregular.  The 
lowest  count  for  monkey  20  was  11,500,  obtained  the  fourth  day;  and 
the  lowest  for  monkey  21  was  7,600,  obtained  the  same  day.  There  was 
no  recognizable  sign  of  dengue. 

Experiment  17. — May  19,  1929.  Macacus  philippinensis  19  was  inoc- 
ulated intracardially  with  3  cubic  centimeters  of  citrated  blood,  collected 
from  the  heart  of  M.  philippinensis  21,  the  fifth  day  after  that  monkey 
had  been  inoculated  with  infected  blood.  No  significant  change  was  noted 
in  the  appearance  of  No.  19  or  in  the  temperature  or  leukocyte  counts. 

Practically  all  of  the  monkeys  used  in  these  seventeen  experiments  were 
later  reinoculated  with  materials  known  to  contain  dengue  virus.  The 
results  were  not  significant,  and  the  variations  in  temperature  and  leuko- 
cyte counts  were  irregular,  as  in  the  initial  tests. 

COMMENT 

1.  In  these  experiments  twenty-six  monkeys,  including  four 
Macacus  rhesus  from  Washington,  D.  C,  one  M,  fuscatus  from 
Tokyo,  and  twenty-one  M.  philippinensis  from  an  endemic  den- 
gue area  (Manila),  were  inoculated  with  infective  blood  from 
experimental  dengue-fever  patients  or  from  monkeys  showing 
some  slight  indication  of  dengue  infection,  or  with  mosquitoes 
containing  dengue  virus,  or  were  bitten  by  dengue-infected  mos- 
quitoes. 

2.  Before  and  after  the  inoculations  these  animals  were  ob- 
served daily  for  indicative  signs  of  illness,  and  daily  records 
were  made  of  the  rectal  temperature  and  of  the  leukocyte  counts. 

3.  While  some  of  the  inoculated  animals  showed  a  decrease 
in  the  numbers  of  leukocytes  that  was  suggestive,  these  changes 
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were  not  sufficiently  striking  or  constant  to  be  considered  as 
diagnostic  of  infection  with  dengue. 

II.  DENGUE  PRODUCED  IN  MONKEYS  AND   PROVED  BY   RETRANSFER 
OF  THE  INFECTION  THROUGH  MOSQUITOES  TO  MAN  * 

The  failure  of  the  monkeys  to  show  typical  physical  signs  and 
the  leukopenia  observed  during  dengue  in  man  seemed  to  in- 
dicate either  that  they  were  completely  immune  to  dengue  or 
that  the  infection  was  manifested  in  some  way  not  recognizable 
by  our  examinations.  However,  as  a  few  of  the  animals,  for 
example,  Macacus  philippinensis  1  and  2,  had  blood  counts  that 
were  at  least  suggestive  of  a  leukopenia  on  the  fourth,  fifth, 
or  sixth  day  after  inoculation ;  and  as  this  corresponds  roughly 
with  the  incubation  period  in  man,  it  was  decided  to  test  the  ani- 
mals for  infectivity,  regardless  of  symptoms,  by  feeding  normal 
mosquitoes  on  them  during  the  fifth  or  sixth  day  after  inocula- 
tion, and  later  allowing  these  mosquitoes  to  feed  on  man. 

EXPERIMENTS  IN  WHICH  INOCULATED  MONKEYS  WERE  TESTED  FOR  DENGUE  VIRUS 
ON  EITHER  THE  FIFTH  OR  THE  SIXTH  DAY 

MACACUS  RHESUS 

Experiment  1, — January  9,  1929.  Macacus  rhesus  1,  brought  to  Ma- 
nila in  a  screened  cage  from  Washington,  D.  C,  was  inoculated  sub- 
cutaneously  with  1  cubic  centimeter  of  citrated  blood,  which  had  just 
been  drawn  from  an  experimental  dengue  patient  (A.V.  2r-M),  during 
the  second  day  of  the  disease.  This  monkey  showed  no  recognizable  phys- 
ical signs  of  dengue.  However,  the  leukocyte  curve  showed  some  depres- 
sion below  the  level  of  the  preliminary  counts  made  before  inoculation. 
This  was  particularly  true  of  the  neutrophilic  granulocytes,  which  were 
decreased  in  numbers  on  the  fourth,  fifth,  and  sixth  days  following  tftie 
inoculation;  while  the  numbers  of  lymphocytes  increased  steadily  from 
about  3,500  cells  January  9  to  10,000  January  16. 

Attempt  to  infect  normal  mosquitoes. — January  15,  or  the  sixth  day 
after  inoculation,  fourteen  normal  A,  asgypti  took  blood  from  this  monkey 
and  were  designated  lot  4.  Ten  mosquitoes  of  this  lot  were  later  com- 
bined with  two  of  lot  5,  and  nine  of  lot  6,  both  of  which  had  fed  on 
other   inoculated   monkeys. 

Test  of  mosquitoes  for  infectivity. — February  12  all  the  mosquitoes  in 
the  combined  lots  fed  on  a  susceptible  volunteer  (A.V.  3- A'),  but  dengue 
did  not  result. 

*  During  the  progress  of  these  studies  Blanc  et  al.  (14)  (1929)  reported 
that  they  were  successful  in  transmitting  dengue  virus  from  man  to  two 
species  of  monkeys  (Cynomolgus  fascicularia  and  Cercopithicus  callitricus) 
and  back  to  man  by  blood  inoculations.  They  were  unable  to  transmit  the 
infection  from  monkey  to  monkey.  They  apparently  did  not  attempt  to 
transmit  dengue  from  monkey  to  man  by  mosquitoes. 
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Com/ment, — If  dengue  occurred  in  this  monkey,  the  infection  was  not 
demonstrable  by  our  observations;  and  on  the  sixth  day  the  virus  was  not 
present  in  sufficient  concentration  to  infect  A.  segypti,  lot  4.  It  is,  of 
course,  possible  that  had  normal  mosquitoes  been  allowed  to  feed  during 
other  days  they  might  have  become  infected. 

MACACUS   PHILIPPINENSIS 

Experiment  2. — January  9,  1928.  Macacus  philippinensis  3  (a),  obtained 
from  the  Bureau  of  Science  in  Manila,  was  injected  subcutaneously  with 
1  cubic  centimeter  of  citrated  blood,  collected  one  hour  previously  from 
an  experimental  case  of  dengue  (A.V.  2-M),  during  the  second  day  of  the 
disease.  The  rectal  temperature  remained  normal  for  ten  days.  How- 
ever, the  leukocyte  curve  showed  some  depression  on  the  fifth,  sixth,  and 
seventh  days. 

Attempt  to  infect  normal  mosquitoes. — January  15,  or  the  sixth  day 
after  the  inoculation,  five  normal  A,  segypti  were  allowed  to  feed  on  this 
monkey,  and  were  designated  lot  5. 

Test  of  mosquitoes  for  infectivity, — February  12  two  of  the  lot  5  mos- 
quitoes were  combined  with  ten  and  nine  mosquitoes,  respectively,  of  lots 
4  and  6,  both  of  which  had  fed  on  other  inoculated  monkeys,  and  were 
tested  on  a  susceptible  human  volunteer  (A.V.  S-A).  Dengue  did  not 
result  from  the  feeding  of  these  mosquitoes. 

Comment, — Although  this  monkey  showed  no  clinical  evidence  of  den- 
gue, and  the  normal  mosquitoes  fed  on  it  during  the  sixth  day  after 
inoculation  did  not  become  infected,  it  is  still  possible  that  dengue  occurred 
and  that  had  mosquitoes  been  fed  on  other  days  they  might  have  become 
infected. 

Experiment  3. — January  10,  1929.  Macacus  philijypinensis  5  (c),  ob- 
tained from  the  Bureau  of  Science  in  Manila,  was  given  a  subcutaneous 
injection  of  1  cubic  centimeter  of  citrated  blood  drawn  from  an  experi- 
mental case  (A.V.  1-H)  on  the  first  day  of  the  disease.  No  evidence  of 
dengue  was  noted. 

Attempt  to  infect  normal  mosquitoes. — January  15,  five  days  later,  fif- 
teen normal  A.  segypti  were  fed  on  the  monkey  and  designated  lot  6. 

Test  of  mosquitoes  for  infectivity. — February  12  nine  of  these  mos- 
quitoes, with  two  of  lot  5  and  ten  of  lot  4,  were  tested  by  their  feeding 
on  a  susceptible  human  volunteer  (A.V.  3-A),  who  failed  to  develop 
dengue. 

Comment. — In  this  experiment  there  was  no  significant  clinical  indica- 
tion of  dengue;  and  normal  A.  segypti  fed  on  the  monkey  on  the  fifth 
day  failed  to  transmit  the  disease.  However,  it  is  possible  that  if  nor- 
mal mosquitoes  had  fed  during  other  days  they  might  have  become  in- 
fected. 

Experiment  4. — April  14,  1930.  Macacus  philippinensis  33  (Sagada  D) 
that  had  been  caught  in  a  nonendemic  area  in  the  mountains  of  northern 
Luzon,  shipped  to  Manila  in  a  screened  box,  and  observed  in  Manila  for 
ten  days  in  a  screened  cage,  was  bitten  by  eighteen  known-infected  A. 
albopictus  of  lot  183.     This  monkey  showed  no  signs  of  dengue. 

Attempts  to  infect  normal  A.  ssgypti. — April  20,  six  days  later,  one  hun- 
dred fifty-five  normal  A.  segypti  fed  on  this  monkey  and  were  designated  lot 
214.     Immediately  after  the  mosquitoes  of  lot  214  had  completed   their 
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feeding,  the  monkey  was  autopsied,  and  the  liver,  spleen,  and  brain  were 
removed.  Forty-eight  normal  A,  segypti  were  fed  from  a  feeding  cell  on 
0.5  gram  of  the  spleen  emulsified  in  2  cubic  centimeters  of  ascitic  fluid 
and  2  cubic  centimeters  of  normal  defibrinated  human  blood,  and  were 
designated  lot  219.  One  hundred  thirteen  normal  A.  asgypti  fed  from  a 
feeding  cell  on  0.5  gram  of  the  liver  emulsified  in  2  cubic  centimeters  of 
ascitic  fluid  and  2  cubic  centimeters  of  defibrinated  normal  human  blood, 
and  were  designated  lot  220.  One  hundred  two  normal  A,  sRgypti  fed  from 
a  feeding  cell  on  0.5  gram  of  the  brain  from  monkey  33  and  0.5  gram  of 
brain  from  monkey  34  emulsified  in  2  cubic  centimeters  of  ascitic  fluid 
and  2  cubic  centimeters  of  defibrinated  normal  human  blood  and  were 
designated  lot  218. 

Test  of  mosquitoes  for  infectivity, —  (a)  May  10,  1930,  seventy-six  mos- 
quitoes of  lot  214  fed  on  susceptible  volunteer  A.V.  96-H,  but  did  not 
cause  dengue.  (6)  May  10,  thirteen  mosquitoes  of  lot  219  and  thirty- 
nine  mosquitoes  of  lot  220  fed  on  susceptible  volunteer  A.V.  97-H,  but 
did  not  cause  dengue,     (e)   See  experiment  5  for  testing  of  lot  218. 

Comment. — The  blood,  brain,  liver,  and  spleen  of  Macacics  philijypinensis 
33-D  were  shown  not  to  be  infected  with  dengue  virus  on  the  sixth  day 
following  the  feeding  of  known-infective  mosquitoes  on  the  monkey. 

Experiment  5. — April  14,  1930.  Macaciis  philippinensis  34  (Sagada  E), 
that  had  been  caught  in  a  nonendemic  area  and  kept  screened  subsequent- 
ly, was  bitten  by  nine  known-dengue-infected  A,  albopict^s,  lot  183.  No 
symptoms  of  dengue  were  observed  in  this  monkey. 

Attempts  to  infect  normal  A.  segypti. — April  20.  This  monkey  was 
treated  in  the  same  manner  as  described  for  ilf.  philippinensis  33  in  ex- 
periment 4  above.  Sixty-five  normal  A,  segypti  fed  from  the  living  monkey 
and  were  designated  lot  215.  One  hundred  nine  normal  A,  segypti  fed 
on  spleen-ascitic-fluid-blood  emulsion  and  were  designated  lot  216.  Twen- 
ty-three normal  A.  segypti  fed  on  liver-ascitic  fluid  emulsion  and  were 
designated  lot  217.  One  hundred  two  normal  A.  segypti  fed  from  a  brain- 
asci,tic-fluid-blood  emulsion  and  were  designated  lot  218. 

Test  of  mosquitoes  for  infectivity, —  (a)  May  10,  twenty-four  mosqui- 
toes of  lot  215  fed  on  A.V.  98-R,  but  did  not  cause  dengue.  This  vol- 
unteer was  later  found  to  be  immune  to  dengue.  (6)  May  10,  thirty-six 
mosquitoes  of  lot  216,  five  from  lot  217,  and  forty-nine  from  lot  218  fed 
on  susceptible  volunteer  A.V.  95-D,  but  did  not  cause  dengue. 

Comment, — Macacus  philippinensis  34~E  apparently  did  not  contain  trans- 
missible dengue  virus  in  the  organs  or  blood  on  the  sixth  day  following 
the  potential  infection  of  this  monkey. 

Because  of  the  failure  to  demonstrate  infection  in  these  five 
experiments,  in  which  attempts  were  made  to  infect  mosquitoes 
from  monkeys  on  the  fifth  or  sixth  days  only  after  inoculation, 
at  which  time  there  was  usually  some  decrease  in  the  numbers 
of  leukocytes,  it  was  considered  possible  that  the  time  selected 
might  have  corresponded  with  the  period  of  extreme  leukopenia 
observed  in  man,  which  is  often  too  late  in  the  disease  for  the 
infection  of  mosquitoes.  It  was  also  considered  possible  that 
the  mosquitoes  might  have  been  fed  too  soon.     Consequently, 
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the  following  experiments  were  planned,  in  which  monkeys  were 
inoculated  with  dengue  virus  and  were  subsequently  tested  for 
infection  by  feeding  different  groups  of  normal  mosquitoes  on 
them  daily  between  the  third  and  the  ninth  days.  The  various 
groups  of  mosquitoes  were  then  combined  and  tested  for  infec- 
tivity  by  feeding  them  later  on  susceptible  volunteers. 

EXPERIMENTS   IN   WHICH   MONKEYS   WERE  TESTED  FOR  DENGUE!  VIRUS   ON   THE 

THIRD,  FOURTH,  FIFTH,   SIXTH,  SEVENTH,  AND  EIGHTH  DAYS  AFTER 

INOCULATION    WITH    INFECTIVE    MATERIALS 

MACACUS    FUSCATUS 

Experiment  1, — October  7,  1929  (noon).  MacaciLs  fuscatus  2  (W), 
which  had  been  shipped  from  Tokyo,  Japan,  in  a  screened  cage,  was  re- 
ceived in  Manila  September  27,  1929^  and  observed  in  a  mosquito-proof 
cage  at  the  Bureau  of  Science  for  ten  days.  October  7  this  monkey  was 
bitten  by  forty-four  dengue-infected  A.  segypti  of  lot  52,  which  had  taken 
blood  from  an  experimental  case  of  dengue  (A.V.  31-D)  at  11.45  a.  m., 
August  31,  during  the  first  day  of  the  disease;  and  had  been  proved  in- 
fected by  the  transmission  of  dengue  to  several  susceptible  human  volun- 
teers (A.V.  46-L,  A.V.  44-F,  A.V.  41-F,  and  A.V.  43-D).  Daily  observa- 
tions were  made  of  the  monkey  for  a  period  of  one  month,  but  typical 
physical  signs  of  dengue  were  not  observed.  There  was  some  elevation  of 
the  rectal  temperature  from  the  fourth  to  the  eighth  day  after  infection, 
but  as  the  temperature  was  also  elevated  at  intervals  during  the  period 
of  subsequent  observation,  its  significance  remains  in  doubt.  The  total 
leukocyte  counts,  which  had  varied  from  a  low  of  13,600  to  a  high  of 
20,600  during  the  period  of  normal  observation,  dropped  to  9,850,  10,050, 
9,300,  and  10,800  on  the  third,  fourth,  fifth,  and  sixth  days,  respectively, 
following  the  infective  biting,  and  after  a  temporary  rise  to  17,300  on 
the  seventh  day  returned  to  10,300  on  the  eighth.  This  change  in  the 
total  numbers  of  leukocytes  was  due  to  roughly  similar  changes  in  both 
the  neutrophilic  granulocytes  and  in  the  lymphocytes.  On  the  fifth  and 
sixth  days  large  vacuolated  monocytes,  such  as  are  frequently  seen  in 
the  blood  of  human  cases  of  dengue  were  noted.  However,  there  was 
no  definite  leukopenia  or  other  significant  evidence  of  dengue. 

Transfer  of  virus  from  the  monkey  to  normal  Aedes, — Beginning  Oc- 
tober 10,  or  the  third  day  after  the  infective  biting,  different  groups  of 
thirty  normal  A,  aegypti  each  were  given  an  opportunity  to  feed  on  the 
monkey  daily  until  October  15.  The  numbers  and  designations  assigned 
to  the  mosquitoes  that  took  blood  from  the  monkey  on  the  different  days 
were  as  follows:  Third  day,  thirty  mosquitoes  called  lot  82;  fourth  day, 
28  mosquitoes  called  lot  83;  fifth  day,  twenty-nine  mosquitoes  called  lot 
84;  sixth  day,  twenty- four  mosquitoes  called  lot  85;  seventh  day,  twenty- 
eight  mosquitoes  called  lot  88;  and  eighth  day,  twenty-seven  mosquitoes 
called  lot  89. 

Tests  of  mosquitoes  for  infectivity, — Test  (a).  October  28,  or  thirteen 
days  after  the  last  lot  had  fed  on  the  monkey,  the  mosquitoes  remaining 
alive  in  the  various  lots  were  all  given  an  opportunity  to  feed  on  a  single 
normal  susceptible  volunteer   (A.V.   53-C),  who  had  previously  been  ob- 
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Fig.  53.     Experimental  demgue  in  Macacus  fuscatus  2-W. 


served  in  a  screened  cubicle  for  ten  days.  Six,  fifteen,  four,  six,  fifteen, 
and  nine  mosquitoes,  respectively,  of  the  various  lots  took  blood  from  this 
volunteer  who  after  an  incubation  period  of  seven  days,  developed  typical 
dengue  fever  November  4    (see  fig.  54). 

Test  (6). — November  5,  1929,  or  at  least  twenty-one  days  after  having 
taken  blood  from  monkey  2  (W),  six,  twelve,  three,  four,  twelve,  and  ten 
mosquitoes,  respectively,  of  those  remaining  alive  in  lots  82  to  89,  were 
combined  and  given  an  opportunity  to  bite  a  normal  Japanese  monkey, 
M,  fuscatus  4  (Y).  Twenty-seven  of  the  forty-seven  mosquitoes  took 
blood,  and  in  this  way  transmitted  dengue  to  the  second  monkey  as  is 
described  in  experiment  3. 

Test  (c). — November  23,  1929,  or  at  least  thirty-nine  days  after  the 
feeding  on  M.  fuscatus  2  (W),  an  attempt  was  made  to  again  transfer  den- 
gue with  eleven  mosquitoes  of  the  combined  lots  (82  to  89)  to  a  volunteer 
(A.V.   58-S).     However,  this  volunteer  was  later  shown  to  be  immune. 
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Experimental  dengue  in  American  volunteer  63. 


Later  test  of  M.  fuscatus  2  (W)  for  immunity  to  dengue. — November  1, 
M.  fuscatus  2  (W)  was  injected  intravenously  with  5  cubic  centimeters 
of  warm  citrated  infective  blood,  which  had  just  been  drawn  from  an 
experimental  case  of  dengue  (A.  V.  51-S),  during  the  first  few  hours 
of  the  disease.  Blood  from  the  same  source  produced  dengue  in  M.  fusca- 
tus  3  (X),  as  described  in  experiment  2.  However,  monkey  2  (W) 
showed  no  clinical  signs  indicative  of  dengue  following  this  inoculation. 
Five  different  groups  of  thirty  normal  A.  segypti  were  given  an  opportunity 
to  feed  on  the  monkey  each  day  between  November  5  and  9,  and  the 
thirty,  thirty,  thirty,  twenty-six,  and  twenty-eight  mosquitoes  which  took 
blood  on  these  days  were  designated  lots  109-A,  B,  C,  D,  and  E,  re- 
spectively. Before  being  tested  for  infectivity,  twenty-four,  twenty-six, 
twenty-seven,  twenty-four,  and  twenty-four  mosquitoes  of  the  various  lots 
were   placed   in  a  single  cage  November  27.     The  following  day  seventy- 
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seven  mosquitoes  of  this  combined  lot  (109)  fed  on  a  susceptible  volunteer 
(A.V.  61-J).  The  fact  that  dengue  did  not  develop  from  this  procedure 
indicates  that  the  second  attempt  to  infect  M,  fuscatus  2  (W)  failed,  due, 
no  doubt,  to  the  immunity  produced  by  the  experimental  infection,  two 
weeks  earlier. 

Experiment  2. — November  1,  1929.  Macacus  fuscatus  3  (X),  which 
had  been  kept  in  mosquito-proof  cages  since  its  departure  from  Tokyo, 
Japan,  was  inoculated  subcutaneously,  at  several  points  over  the  chest 
and  the  abdomen,  with  5  cubic  centimeters  of  warm  citrated  infective 
blood,  which  had  just  been  collected  from  an  experimental  dengue  patient 
(A.V.  51-S),  during  the  first  few  hours  of  dengue.  This  monkey  did 
not  show  any  recognizable  evidence  of  dengue  during  a  period  of  four 
weeks. 

Transfer  of  virus  from  the  monkey  to  normal  Aedes. — Between  Novem- 
ber 5  and  9,  daily  feedings  of  twenty,  twenty-seven,  thirty,  twenty-eight,  and 
twenty  normal  A.  segypti  took  place  on  the  monkey  and  these  different 
lots  were  called  110-A,  B,  C,  D,  and  E,  respectively.  November  27  the 
different  lots,  including  twenty- two  of  "A,"  twenty-eight  of  ''B,"  nineteen 
of  "C,'^  twenty-seven  of  "D,*'  and  twenty-seven  of  "E,'*  were  combined  in 
one  cage  and  designated  lot  110. 

Test  of  mosquitoes  for  infectivity. — November  28,  at  8.15  a.  m.,  seventy- 
five  A.  fegypti  of  lot  110  fed  on  a  susceptible  volunteer  (A.V.  62-H). 
After  an  incubation  period  of  six  days  this  volunteer  developed  typical 
dengue  fever,  beginning  December  4.  The  diagnosis  in  this  case  (A.V. 
62-H)  was  further  substantiated  by  the  fact  that  normal  mosquitoes 
fed  at  this  time,  and  designated  A.  albopictus  lot  128,  later  transmitted 
the  infection  to  two  volunteers  (A.V.  69-K  and  A.V.  72-E)  and  also 
to  two  monkeys,  M.  philippinfiensis  30  (Sagada  A)  and  31   (Sagada  B). 

Comment. — The  Japanese  monkey,  M,  fuscatus  3  (X),  was  infected 
with  dengue  by  an  injection  of  infective  human  blood  and  the  virus  was 
transferred   through   mosquitoes  to   man. 

Experiment  3. — November  5,  1929.  Macacus  fuscatus  4  (Y),  which  had 
been  protected  from  mosquitoes  in  screened  cages  since  its  departure 
from  Tokyo,  Japan,  was  bitten  by  twenty-seven  A.  segypti  of  the  combined 
lots  82,  83,  84,  85,  88,  and  89,  which  had  been  infected  from  M,  fuscatus 
2  (W)  as  described  in  experiment  1.  While  some  reduction  occurred  in 
the  numbers  of  leukocyte  about  the  sixth  day,  there  was  no  definite  leuko- 
penia, and  the  monkey  apparently  remained  well. 

Transfer  of  vims  from  the  monkey  to  normal  Aedes. — Different  groups, 
composed  of  twenty-four,  twenty-eight,  twenty-six,  twenty-seven,  twenty- 
eight,  and  thirty  normal  Aedes,  fed  on  the  monkey  M.  fuscatus  4  (Y) 
November  8,  9,  10,  11,  12,  and  13  and  were  designated  lots  111-A,  B,  C, 
D,  E,  and  F,  respectively.  November  27  these  different  lots,  twenty-three 
of  A,  twenty-nine  of  B,  eight  of  C,  twenty-one  of  D,  twenty-four  of  E,  and 
twenty-three  of  F  were  combined  and  designated  A.  segypti  lot  111. 

Test  of  mosquitoes  for  infectivity. — November  28,  the  following  day, 
one  hundred  three  mosquitoes  of  this  lot  (No.  Ill)  fed  on  a  susceptible 
volunteer  (A.V.  60-S),  who  after  an  incubation  period  of  six  days  developed 
typical   dengue  fever. 
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Fig.  55.    Experimental  dengue  in    Macacus  fuscatus   3-X. 


Corriment. — In  this  experiment  dengue  was  transmitted  to  a  Japanese 
monkey  (M.  fuscatus  4  (Y),  by  A.  segypti  lots  82  to  89  previously  fed  an 
M.  fuscatus  2  (W),  and  from  the  monkey  the  infection  was  transmitted 
through  A.  segypti  lot  111  to  man. 

Experiment  -4. — December  12,  1929.  M.  fuscatus  5  (Z),  which  had  been 
protected  from  mosquitoes  in  screened  cages  since  its  departure  from 
Tokyo,  Japan,  was  bitten  by  eighty-four  A.  segypti  lot  110,  which  at  least 
thirty -three  days  earlier  had  taken  blood  from  M.  fuscatus  3  (X).  The 
monkey  5  (Z)  showed  no  physical  signs  of  dengue.  The  temperature  and 
leukocyte   counts   were   not   significant. 

Attempt  to  infect  normal  Aedes, — Different  groups  of  normal  A.  segypti 
were  fed  on  the  fourth,  fifth,  and  sixth  days,  thirty  fed  December  16, 
thirty   fed   December  17,  and  twenty-six   fed  December   18. 

Test  of  mosquitoes  for  infectivity. — These  mosquitoes  were  combined, 
designated  lot  136,  and  given  an  opportunity  to  feed  on  a  susceptible 
human  volunteer  (A.V.  69-K)  at  9.30  a.  m.,  January  13,  1930.  Seventy 
mosquitoes  of  lot  136  took  blood,  but  failed  to  produce  dengue  in  this 
volunteer. 
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Fig.  56.    Expefrimental  dengue  in  American  volunteer  62. 

Comment. — While  it  is  possible  that  this  monkey,  No.  5  (Z),  was  im- 
mune to  dengue,  the  fact  that  it  was  tested  for  the  presence  of  virus  only 
on  the  fourth,  fifth,  and  sixth  days  after  the  infectious  feeding  might 
account  for  the  failure  to  prove  that  infection  occurred. 


SUMMARY 

Dengue  was  produced  experimentally  in  three  of  four  Jap- 
anese monkeys  (M.  fuscatus).  No  significant  diagnostic  reac- 
tions were  observed,  but  it  was  proved  that  the  monkeys  were 
infected  by  transfer  of  the  virus  through  Aedes  segypti  to  human 
volunteers  and  to  monkeys. 
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Fig.  57.    Experimental  dengue  in  Macacus  fuscatus  4-Y. 


MACACUS  PHILIPPINENSIS 

Seven  monkeys  (Macacus  philippinensis) ,  Nos.  22,  23,  25,  26, 
27,  28,  and  29,  which  had  been  kept  unscreened  for  several  years 
in  the  animal  house  of  the  Bureau  of  Science  in  Manila,  were 
used  in  the  following  experiments : 

Infective  inoculations. — August  2,  1929,  a  suspension  of  twenty-five  in- 
fective A.  segypti  of  lot  30  and  twenty-five  A.  aegypti  of  lot  32  were  macer- 
ated in  a  mortar  with  sterile  sand,  suspended  in  14  cubic  centimeters  of 
physiologic  salt  solution,  filtered  through  a  wisp  of  cotton,  and  injected 
into  the  different  monkeys  as  follows :  M,  philippinensis  Nos.  22,  23,  27,  28, 
and  29  each  received  1  cubic  centimeter  of  mosquito  suspension  intracar- 
dially   and   0.4   cubic    centimeter   subcutaneously ;    monkey   26   received    3 
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Fig.  58.     Experimental  dengue  in  American  volunteen*  60. 


cubic  centimeters  intracardially  and  1.5  cubic  centimeters  subcutaneously ; 
while  monkey  25  received  1  cubic  centimeter  subcutaneously. 

Attempt  to  transfer  virus  from  monkeys  to  normal  Aedes. — After  these 
injections  each  monkey  was  exposed  daily,  August  5,  6,  7,  8,  and  9,  to 
different  lots  of  mosquitoes,  each  composed  of  twenty  normal  A,  segypti. 
The  numbers  of  mosquitoes  that  took  blood  each  day  are  shown  in 
Table  37. 

As  indicated  in  Table  37,  the  five  groups  of  mosquitoes  fed  on  each 
monkey  were  then  combined  in  a  single  cage  and  given  lot  numbers  as 
follows:  The  mosquitoes  from  monkey  22  were  called  lot  92-A;  from 
monkey  23,  lot  92-B;  from  monkey  25,  lot  92-C;   from  monkey  26,  lot 
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92-D;  from  monkey  27,  lot  92-E;   from  monkey  28,  lot  92-F;  and  from 
monkey  29,  lot  92-G. 

Table  37. — Numbers   of  mosquitoes   that  fed  on  Macacus  monkeys. 


Maca- 
cus  phil- 

Number  of  macerated  dengue- 
infected  Aedes  injected 
August  2,  1929. 

ippinen- 
sis 

No. 

Intracardially. 

Subcutaneously. 

22 

3.6  (1  cc) 

1.4  (0.4  cc)  .__ 

23 

3.6  (1  cc) 

1.4  (0.4  cc)  ___ 

25 

3.6  (1.0  cc)  .__ 

26 

10.7  (3  cc)  .._ 

5.4  (1.5  cc)  ... 

27 

3.6  (Ice) 

1.4  (0.4cc)_._ 

28 

3.6  (Ice) 

1.4  (0.4  cc)  ... 

29 

3.6  (1  cc) 

1.4  (0.4  cc)  ... 

Evidence 

of 
reaction. 

N 

5 

None 

20 

do 

20 

do 

16 

do 

21 

do 

19 

-.-do 

20 

do 

14 

Number  of  normal  A,  wgypti  fed  on 
monkeys  August  5  to  9. 


Total. 


68  (lot92-a). 
67  (lot92-b). 

74  (lot92-c). 
76  (lot  92-d). 
72  (lot92-e). 

75  (lot92-i'). 
78  (lot92-g). 


Macacus 
philip- 
pinensis 

No. 


22 
23 
25 
26 
27 
28 
29 


Test  for  infectivity  of  mosquitoes. 


Number 
fed. 


9 

14 
28 
33 
15 
5 
28 


American  volun- 
teer. 


I 


46-L. 
43-D. 
42-H_ 
41-F. 
44-F. 
40-W 
45-V_ 


Date. 

September  23_._ 
September  21... 
September  21._. 
September  16... 
September  21... 
September  14... 
September  21   _. 


Result. 


Negative. 

Do. 
Dengue  fever  September  26. 
Negative. 

Do. 
?  (Immune). 
Negative. 


TESTS  TO  DETERMINE  INFECTIVITY  OF  MOSQUITOES. 

D,  E,  F,  AND  G 


LOTS  92-A,  B,  C, 


Experiment  5. — In  order  to  determine  whether  it  was  worth  while  to 
test  the  different  mosquito  lots  from  the  seven  monkeys  separately,  lots 
92-A,  B,  C,  D,  E,  F,  and  G  were  first  tested  for  infectivity  as  a  group 
by  giving  them  all  an  opportunity  to  feed  on  a  susceptible  volunteer  (A.V. 
35-E ) ,  who  had  been  observed  in  a  screened  cubicle  for  eight  days  previous 
to  the  experiment.  This  volunteer  was  bitten  by  an  unknown  number  of 
mosquitoes  from  each  of  the  respective  lots,  and  also  by  A.  segypti  of  lot 
93,  which  were  later  proved  to  be  free  from  dengue.  After  an  incubation 
period  of  seven  days  the  man  developed  a  typical  attack  of  dengue.  Com- 
ment: The  occurrence  of  dengue  in  A.V.  35-E  indicated  that  one  or  more 
of  the  monkeys  (22,  23,  25,  26,  27,  28,  or  29)  had  been  infected  with  dengue, 
and  that  the  infection  had  been  transmitted  to  man  by  some  of  the  mos- 
quitoes tested. 

Experiment  6. — In  order  to  confirm  the  results  obtained  in  test  *'a," 
seventeen,  twenty-four,  thirty-seven,  thirty-six,  twenty-nine,  twenty-three, 
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EXPERIMENTAL  PEIVGUE Ay.No.35  ECkM AN, CLAUDE 


Fig.  59.    Experimental   dengue  in  American  voluntecfr  35. 


and  thirty-seven  A,  ^gypti  of  the  respective  lots,  were  again  tested  for  in- 
fectivity  September  5  by  feeding  them  on  another  susceptible  volunteer 
(A.V.  38-H).  After  an  incubation  period  of  five  days  this  volunteer  also 
developed  typical  dengue  fever.  Comment:  This  second  positive  test  con- 
firmed the  first  and  proved  that  one  or  more  ^of  the  monkeys  had  been 
infected  with  dengue. 

In  order  to  determine  the  number  of  monkeys  infected,  the  following 
tests  were  made  in  which  each  of  the  seven  lots  of  A.  a^gypti  (92-A,  B,  C, 
D,  E,  F,  and  G)  were  fed  separately  on  a  different  human  volunteer. 

Experiment  7,—Aedes  segypti  of  lot  92-A  from  M.  philippinensis  22. 
September  23,  1929,  nine  A,  segyptiy  which  remained  alive  of  the  sixty-eight 
of  lot  92-A  that  at  least  forty-five  days  earlier  had  fed  on  monkey  22, 
took  blood  this  date  from  a  susceptible  volunteer  (A.V.  46-L).     As  dengue 
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Fig.  60.    Experimental  dengue  in   American  volunteer  38. 


did  not  result  from  this  feeding,  it  is  apparent  that  the  remaining  mos- 
quitoes of  lot  92-A  were  not  infected.  While  lot  92-A  may  have  originally 
contained  infected  mosquitoes  that  had  died  before  this  test,  there  is  no 
proof  that  this  occurred.  There  was  no  indication  that  M.  philippinensis 
22  had  been  infected  with  dengue. 

Experiment  8. — Aedes  segypti,  lot  92-B,  from  M.  philippinensis  23. 
September  21,  1929,  fourteen  A.  segypti,  which  remained  alive  of  the 
sixty-seven  of  lot  92-B  that  had  fed  at  least  forty-three  days  earlier 
on  monkey  23,  took  blood  this  date  from  a  susceptible  volunteer  (A.V. 
43-D).  Since  this  man  failed  to  develop  dengue  during  the  usual  incuba- 
tion period,  it  is  apparent  that  the  mosquitoes  used  of  lot  92-B  had  not 
been  infected  by  feeding  on  M.  philippinensis  23.  There  was  no  evidence 
to  prove  that  monkey  23  had  been  infected  with  dengue. 
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Experiment  9. — Aedes  vegypti,  lot  92-C,  from  M.  philippineyisis  25. 
September  21,  1929.  Twenty-eight  of  the  A.  segypti  of  lot  92-C,  which  re- 
mained of  the  seventy-four  that  had  fed  at  least  forty-three  days  earlier 
on  monkey  25,  took  blood  this  date  from  a  susceptible  volunteer  (A.V. 
42-H).  That  some  of  these  mosquitoes  were  infected  was  proved  by  the 
fact  that  after  an  incubation  period  of  five  days  this  volunteer  developed 
typical  dengue  fever. 

Experiment  10. — Aedes  segypti^  lot  92-D,  from  M.  philippinensis  26. 
September  16,  1929  (noon).  Thirty-three  A,  segypti  of  lot  92-D,  which 
remained  of  the  seventy-five  that  had  fed  thirty-eight  or  more  days  earlier 
on  monkey  26,  fed  this  date  on  a  susceptible  volunteer  (A.V.  41-F). 
Dengue  did  not  result. 

Experiment  11. — Aedes  segypti,  lot  92-E,  from  M.  philippinensis  27. 
September  21,  1929,  9  a.  m.  Fifteen  of  the  original  seventy-two  A.  segypti 
of  lot  92-E,  which  had  taken  blood  forty-three  or  more  days  earlier  from 
monkey  27,  fed  this  date  on  a  susceptible  volunteer  (A.V.  44-F).  Dengue 
did  not  develop  from  this  feeding. 

Experiment  12. — Aedes  segypti,  lot  92-F,  from  M.  philippinensis  28. 
September  14,  1929.  Five  of  the  original  seventy-five  A.  segypti  of  lot 
92-F,  which  had  taken  blood  thirty-six  days  earlier  from  monkey  28,  fed 
this  date  on  a  volunteer  (A.V.  40-W).  Dengue  did  not  result  from  this 
feeding,  but  since  this  volunteer  was  later  shown  to  be  immune  the  in- 
fectivity  of  lot  92-F  mosquitoes  remained  in  doubt. 

Experiment  13. — Aedes  segypti,  lot  92-G,  from  monkey  29.  September 
21'  1929,  9  a.  m.  Twenty-eight  of  the  original  seventy-eight  A.  segypti  of 
lot  92-G,  which  had  taken  blood  at  least  forty-three  days  previously  from 
monkey  29,  were  fed  this  date  on  a  susceptible  volunteer  (A.V.  45-V). 
Dengue  did  not  develop  from  this  feeding.  There  was  no  proof  that  mon- 
key 29  had  dengue. 

As  it  was  suspected  that  a  large  proportion  of  M.  philippinensis 
raised  in  localities  where  dengue  is  not  endemic  might  be  sus- 
ceptible to  the  infection,  monkeys  were  obtained  from  Mountain 
Province  in  northern  Luzon  in  which  region  dengue  does  not 
occur.  Three  monkeys  were  caught  at  an  elevation  of  about 
4,000  feet,  near  Sagada,  Philippine  Islands,  and  were  trans- 
ported to  Manila  in  boxes  screened  with  20-mesh  wire  netting. 
After  periods  of  normal  observation  in  mosquito-proof  cages 
these  three  monkeys  were  used  in  the  following  dengue  trans- 
mission experiments: 

Experiment  H. — January  16,  1930,  M.  philippinensis  30  (Sagada  A)  was 
bitten  by  thirty-two  infected  A.  albopictus  of  lot  128,  which  forty-three  days 
previously  had  taken  blood  from  an  experimental  case  (A.V.  62-H)  during 
the  first  day  of  dengue.  The  monkey  failed  to  show  any  recognizable  clin- 
ical evidence  of  infection. 

However,  normal  A.  segypti  were  fed  on  the  monkey,  as  follows:  Twenty- 
five  January  20,  twenty-nine  January  21,  thirty  January  22,  twenty-five 
January  23,  and  twenty-seven  January  24. 
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Fig.  62.    Experimental  dengxie  in  American  voluntecfr 


February  15,  1930  (10.30  a.  m.)  seventy-three  of  these  five  groups  of 
mosquitoes,  which  had  been  combined  and  designated  lot  156,  were  fed 
on  a  susceptible  volunteer  (A*V.  80-L).  After  an  incubation  period  of 
six  days  the  volunteer  developed  typical  dengue  fever. 

February  24,  1930,  an  attempt  was  made  to  transmit  dengue  from  mon- 
key to  monkey  by  feeding  thirty-one  A,  segypti  of  lot  156  on  M,  philip- 
pinensis  32  (Sagada  C),  but  dengue  was  not  proved  in  the  latter  monkey 
as  is  described  in  experiment  16. 

Experiment  15, — January  16,  1930,  M.  philippinensis  31  (Sagada  B) 
was  bitten  by  thirty-five  infected  A.  albopictus  of  lot  128,  which  forty-three 
days  previously  had  taken  blood  from  an  experimental  case  of  dengue 
(A.V.  62-H),  during  the  first  day  of  the  disease.  The  monkey  failed  to 
show  any  recognizable  clinical  evidence  of '  infection.  Normal  A.  asgypti 
were   fed   on  the   monkey   as   follows:    Twenty-seven   January  20,   thirty 
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Fig.  63.    Experimental    dengue    monkeys    Macacus    phUipvinensis 
30-Sagada    "A." 


January  21,  twenty-six  January  22,  twenty-nine  January  23,  and  thirty-one 
January  24.  February  15  eighty-seven  mosquitoes  of  these  combined 
groups,  which  had  been  designated  lot  157,  were  tested  for  infectivity  by 
feeding  on  a  susceptible  volunteer  (A.V.  81-G).  After  an  incubation  period 
of  five  days  this  volunteer  developed  typical  dengue  fever. 

Experiment  i^.— February  24,  1930,  M,  philippinensis  32  (Sagada  C) 
was  bitten  by  thirty-one  of  the  one  hundred  thirty-six  A.  segypti  re- 
maining in  lot  156,  which  had  at  least  thirty-one  days  earlier  fed  on  M. 
philippinensis  30  (Sagada  A).  The  infectivity  of  some  of  the  mosquitoes 
of  lot  156  had  been  proved  earlier  by  their  transmission  of  dengue  to  a 
human  volunteer.  The  monkey  (32-C)  was  tested  for  dengue  by  feeding 
on  it  groups  of  normal  A,  segypti  as  follows:  Twenty-seven  February  28, 
thirty-three  March  1,  thirty-three  March  2,  twenty-six  March  3,  and  twenty- 
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Fig.  64.    Expen-imental  dengue  in  American  volimteer  80. 


nine  March  4.  March  22  (11  a.  m.)  seventy-six  of  these  combined  groups 
of  mosquitoes,  called  lot  172,  fed  on  a  susceptible  volunteer  (A.V.  90-A), 
who  failed  to  develop  dengue.  Comment:  There  was  no  evidence  to  indicate 
the  occurrence  of  dengue  in  M.  philippinensis  32  (Sagada  C).  It  is,  of 
course,  possible  that  the  infected  mosquitoes  in  lot  156  had  all  died  before 
feeding  on  this  monkey,  but  there  is  no  evidence  to  prove  that  this  oc- 
curred. 

DISCUSSION 

Studies  of  daily  temperature  reactions  and  leukocyte  counts 
on  more  than  forty-one  monkeys,  inoculated  with  dengue  virus, 
indicate  that  neither  of  these  tests  was  of  assistance  in  the  diag- 
nosis of  dengue  in  these  animals.  The  rectal  temperature  of 
apparently  normal  monkeys  was  found  to  vary  considerably 
from  day  to  day,  and  as  a  rule  the  temperature  curves  for 
the  periods  after  inoculation  showed  similar  daily  variations. 
The  numbers  of  leukocytes  in  blood  collected  from  monkeys  be- 
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Fig.  65.    Experimental    deng:ue    monkeys    Macacus    philippinensis    31-Sagada    "B". 


fore  inoculation  were  also  irregular,  and  the  counts  were  often 
extremely  high.  Preliminary  observations  on  normal  monkeys 
showed  that  markedly  different  leukocyte  counts  were  obtained 
in  blood  collected  simultaneously  from  the  ear,  from  the  sole 
of  the  foot,  and  from  the  finger  of  a  single  animal,  and  for  this 
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Chart  6. — Indicating  tracts fer  of  dengue  virus  to  and  from  Philippine 
monkeys  obtained  from  a  dengue-free  location. 


A.V.  51-S. 

I 
Blood. 

i 
Macacus  fuscatus  3   (X). 

I 

Aedes  segypti 
110-A,  B,  C,  D,  and  E. 

i 
A.V.  62-H. 

Aedes  alhopictus,  lot  128. 

14                                1 
(A.V.  69-K)    (A.V.  72-E)       Macacus  philip- 

pinensis   No.   30 
(Sagada   A). 

i 

A,  segyptiy  lot  156. 

i 

M.  philippinensis  31 
(Sagada  B). 

I 

A.  ssgypti 
lot  157. 

M.  philippinensis  32       A.V.  80-L. 

A.V.  81-G. 

(Sagada  C).                     | 

I 

A.  fegypti 

lot  72. 

A.  segypti 
lot  169. 

i 
A.V.  90-A 
Negative. 

reason  most  of  the  counts  in  these  experiments  were  made  in 
blood  from  a  finger  or  toe.  Whether  due  to  technical  difficulties 
or  to  variations  in  their  leukocyte  counts,  very  little  evidence 
was  obtained  of  a  definite  leukopenia,  even  in  the  animals  known 
to  have  been  infected  with  dengue.  However,  it  may  be  sig- 
nificant that,  as  has  been  reported  by  previous  workers,  some  of 
the  leukocyte  curves  showed  a  suggestive  drop  after  a  period 
corresponding  to  the  incubation  period  required  for  the  devel- 
opment of  dengue  in  man.  The  technic  employed  in  proving 
that  certain  of  the  monkeys  had  developed  dengue  has  definite 
limitations  because  of  the  possibility  that  in  some  instances  a 
negative  result  might  have  been  obtained  because  the  mosquitoes 
fed  during  the  particular  time  of  the  monkey's  infectivity  might 
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EXPERIMENTAL  DENGUE  A.V.  Wo.8t  GOUlET,ALEX\NDER 


Fed  87 A.Acqypti  lot  157(fromM,P%infii5t5  5  0     fAiS 


PRELiniMARY 
OBSERVATION   PERIOD 


100Q0 

NOO 
8000 


3   4QQ0 
3000 

1000 
0 


TOTAL 


S 


^EUTilOPillLES 


lYMPrtOCTK 


^ 


^ 


V 


P10Ni)CriS 


^ 


feSlWBPHbfS 


Ss®EI2S2^SS! 


^m. 


10000 


%«MEfiTH 


Fig.  I 


Experimemtal  dengue  in  American  volunteer  81. 


have  died  before  the  combined  lots  for  the  entire  period  were 
tested  on  volunteers.  However,  in  spite  of  the  fact  that  the 
method  employed  is  too  uncertain  and  tedious  for  routine  diag- 
nosis, it  has  served  an  important  purpose  in  this  study  by  fur- 
nishing proof  that  certain  monkeys  may  be  infected  with  dengue, 
and  that  the  virus  multiplies  in  their  blood  until  it  reaches  con- 
centrations sufficient  to  result  in  its  transmission  through  Aedes 
^gypti  to  other  monkeys  and  to  man.  The  significance  of  the 
one  negative  transmission  experiment  with  M.  rhestts  must  re- 
main in  doubt,  since  this  animal  was  tested  for  infectivity  only 
on  the  fifth  day  after  the  inoculation  of  virus.  However,  den- 
gue infection  was  proved  in  three  of  the  four  monkeys  from 
Japan  (M.  fuscatus),  in  one  of  seven  monkeys  (M.  philippinen- 
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sis)  obtained  in  or  around  Manila,  where  dengue  is  endemic, 
and  in  two  of  the  three  monkeys  of  the  same  species  from  a 
nonendemic  area  in  the  mountains  of  northern  Luzon.  Consid- 
ering the  limitations  of  the  method  used,  it  seems  probable 
that  monkeys  other  than  those  identified  might  also  have  been 
infected. 

The  knowledge  that  dengue  can  be  transmitted  by  infected 
mosquitoes  to  monkeys  and  that  from  the  latter  the  infection 
can  be  retransmitted  through  mosquitoes  to  other  monkeys  and 
to  man  is  of  considerable  interest  and  importance  because  of 
its  bearing  on  the  epidemiology  of  dengue.  It  would  appear 
that  in  certain  localities  the  monkey  may  be  an  important  factor 
in  the  spread  of  this  desease. 

The  fact  that  susceptible  individuals  of  a  single  species  (M. 
philippinensis)  were  found  both  in  endemic  and  nonendemic 
areas,  but  that  a  larger  proportion  of  the  former  seemed  resist- 
ant to  infection,  appears  to  indicate  that  immunity  to  dengue 
is  probably  acquired  as  a  result  of  accidental  infection  at  some 
time  between  birth  and  adult  life.  If  this  is  true,  it  would  not 
appear  improbable  for  the  virus  of  dengue  to  be  maintained  dur- 
ing long  periods  of  time,  either  in  the  jungle  or  in  sparsely 
populated  localities  by  passage  through  the  young  of  monkeys 
alone. 

These  observations  are  paralleled  by  the  results  obtained  ex- 
perimentally in  attempts  to  produce  dengue  in  natives  from 
different  sections  of  the  Philippines.  In  an  earlier  chapter  it 
is  shown  that  adult  natives  living  in  endemic  areas  are  generally 
immune  to  dengue,  while  others  living  in  the  nonendemic  Moun- 
tain Province  of  Luzon,  at  elevations  of  4,000  to  5,000  feet,  were 
found  to  be  susceptible.  It  is  apparent  that  monkeys  in  the 
Philippines  are  probably  an  important  factor  in  the  spread  of 
dengue. 

SUMMARY  AND  CONCLUSIONS 

1.  Ten  chickens,  two  lizards,  six  mice,  twelve  guinea  pigs, 
seven  rabbits,  and  twenty-eight  monkeys  (Mdcacus  philips 
pinensis),  which  were  obtained  in  dengue-endemic  areas,  were 
inoculated  with  blood  from  dengue  patients  or  other  monkeys, 
emulsions  of  infective  mosquitoes,  or  were  bitten  by  infective 
mosquitoes. 

2.  Five  Japanese  monkeys,  Macacus  fuscattcs;  five  Philippine 
monkeys,  M,  philippinensis,  from  non-dengue-endemic  areas ;  five 
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monkeys,  M,  rhesus,  obtained  from  the  Zoological  Park,  Washing- 
ton, D.  C,  and  three  guinea  pigs,  born  and  raised  in  a  mosquito- 
proof  cage,  were  either  inoculated  with  infective  blood  or  were 
bitten  by  dengue-infected  mosquitoes. 

3.  Although  observations  were  made  of  the  temperature  and 
leukocyte  counts  daily,  before  and  after  inoculations,  no  consist- 
ent or  typical  diagnostic  sign  of  dengue  was  observed,  even  in 
the  monkeys  that  were  proved  to  be  infected  with  dengue. 

4.  However,  as  has  been  observed  by  others,  certain  of  the 
animals  developed  slight  changes,  either  in  temperature  reac- 
tions or  in  the  numbers  of  leukocytes,  about  the  fourth,  fifth, 
or  sixth  day  after  inoculation,  and  these  were  at  least  suggestive 
of  a  specific  reaction. 

5.  Attempts  were  made  to  determine  the  presence  or  absence 
of  infection  in  chickens,  guinea  pigs,  and  monkeys  by  feeding 
normal  Aedes  mosquitoes  on  them  on  certain  arbitrarily  selected 
days  after  the  inoculation,  and  later  testing  the  mosquitoes  on 
susceptible  human  volunteers. 

6.  Four  cockerels  obtained  in  Manila,  which  previous  to  their 
experimental  use  were  probably  exposed  to  dengue-infected  mos- 
quitoes, were  not  infected  with  dengue,  as  shown  by  the  failure 
of  mosquitoes,  fed  on  these  chickens  on  the  third  to  eighth  days 
inclusive,  to  transmit  dengue  to  a  susceptible  volunteer. 

7.  Three  guinea  pigs,  fifteen  to  eighteen  days  of  age,  which 
from  birth  had  been  protected  from  mosquitoes,  were  tested  for 
dengue  infection  by  means  of  mosquitoes  that  had  fed  on  these 
animals  in  one  instance  during  the  fourth,  fifth,  sixth,  seventh, 
and  eighth  days  and  on  two  other  guinea  pigs  on  the  fifth,  sixth, 
seventh,  and  eighth  days  following  their  potential  infection. 
The  mosquitoes  failed  to  infect  susceptible  volunteers. 

8.  In  the  transmission  experiments  with  monkeys  the  results 
were  as  follows : 

(a)  (Animals  tested  for  infectivity  on  the  fifth  and  sixth 
days  only.)  In  one  M.  rhesus  from  Washington,  one  M,  fus- 
catus  from  Tokyo,  two  M.  philippinensis  from  Manila,  Philip- 
pine  Islands,  and  two  M,  philippinensis  from  Sagada,  Philippine 
Islands,  the  infection  was  not  proved  by  the  transfer  of  virus 
to  man. 

(6)  (Animals  tested  for  infectivity  on  several  days  between 
the  third  and  eighth.)  Dengue  infection  was  produced  in  three 
of  four  M,  fuscatus  from  Tokyo,  in  one  of  seven  M,  philip- 
pinensis from  Manila,  and  in  two  of  three  M.  philippinensis 
from  Sagada,  a  dengue-free  locality. 
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9.  The  apparently  greater  prevalence  of  susceptible  animals 
among  monkeys  from  localities  where  dengue  is  not  endemic 
seems  to  indicate  that,  as  with  the  adult  native  Filipino,  im- 
munity is  probably  acquired  as  a  result  of  natural  infections 
during  early  life. 

10.  These  observations  indicate  that  negative  conclusions 
should  not  be  drawn  concerning  the  possibility  of  infecting 
lower  animals  with  dengue  unless  (a)  the  animals  tested  are 
known  to  have  been  protected  throughout  their  lives  from  the 
bites  of  infected  mosquitoes,  and  (6)  unless  they  are  tested  daily 
from  the  fourth  to  the  eighth  or  the  ninth  day  after  the  intro- 
duction of  the  virus  by  transfer  of  blood  either  directly  or 
through  the  mosquito  vectors  to  susceptible  volunteers. 

11.  It  seems  probable  that  further  experiments,  conducted 
with  these  requirements  in  mind,  might  show  that  animals  other 
than  monkeys  can  be  infected  with  dengue. 

12.  The  proof  offered  here  establishes  the  fact  that  dengue  can 
be  transmitted  to  monkeys  of  the  species  M.  fuscatus  and  M. 
philippinensis  by  infected  Aedes;  that  the  virus  multiplies  in  the 
blood  without  producing  recognizable  typical  changes  in  the  tem- 
perature or  the  leukocyte  counts ;  that  at  some  time  between  the 
third  and  the  ninth  day  after  infection,  the  virus  may  be  passed 
to  other  monkeys  by  blood  inoculation  or  may  be  transferred 
through  Aedes  to  other  monkeys  or  man ;  and  that  in  one  monkey 
a  single  attack  produced  an  immunity  which  lasted  for  several 
days. 

13.  Since  these  observations  indicate  that  monkeys  are  able 
to  take  part  in  the  natural  dissemination  and  maintenance  of 
virus  in  endemic  tropical  localities,  they  are  of  considerable  im- 
portance to  any  consideration  of  the  epidemiology  of  dengue. 
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1.  RECORDS  OF  MOSQUITOES  USED  EXPERIMENTALLY 

1.  AfiDES  ^GYPTI  Linnaeus. 

The  A,  segypti  used  were  mostly  descendants  of  mosquitoes 
bred  by  Siler,  Hall,  and  Hitchens,  and  later  by  Schule,  in  the 
laboratories  of  the  United  States  Army  Medical  Department  Re- 
search Board,  Bureau  of  Science,  Manila.  They  conformed  to 
the  following  description  given  by  Siler,  Hall,  and  Hitchens  in 
1926: 

Aedes  aegypti  Linnaeus  *  ( =:  C  fasciatus  Fabricius  =  C.  calopits  Meigen  f 
=:  S.  fasciata  persistans  Banks  J). 

Description. — "A  small  blackish  mosquito  with  ringed  legs  and  a  lyre- 
shaped  silvery  marking  on  the  mesonotum.  Mesonotum  dark  brown,  with 
two  more  or  less  distinct  narrow  pale  yellowish  median  lines,  and  an  outer 
silvery  line,  curving  outward  about  the  anterior  edge  of  the  disk  and  broad- 
ened, continued  behind,  narrowly  and  straight.  Abdomen  black,  with  nar- 
row basal  segmentals  [sic]  white  bands,  the  apical  segments  silvery  also 
at  tip;  lateral  spots  white,  on  the  last  segments  visible  dorsally;  venter 
whitish,  with  black  bands  on  the  segments  posteriorly.  Legs  black,  the 
femora  pale  beneath  and  with  a  silvery  line  in  front;  knee  spots  white; 
tarsi  with  white  rings  at  the  bases  of  the  joints,  the  last  hind  tarsal  all 
white.  Proboscis  black.  Tips  of  palpi  and  tori  white.  Silvery  scales  on 
the  clypeus.     Wing  scales  black. 

**The  species  is  domesticated,  seeking  houses  and  breeding  in  artificial 
containers.  The  adults  bite  by  day  or  artificial  light  and  are  quiet  in 
darkness.  The  males  will  swarm  about  a  person  sitting  in  a  shaded  place, 
but  cannot  bite.  The  females  are  the  vector  of  yellow  fever.  The  species 
cannot  withstand  frost  and  develops  best  at  a  rather  high  temperature. 

"This  is  the  only  species  of  the  subgenus  Stegomyia  occurring  in  America, 
and  apparently  so  occurs  from  having  been  introduced  by  commerce.  Other 
species  of  the  subgenus  occur  in  the  tropics  of  the  Old  World. 

*' Distribution, — Tropical  regions  throughout  the  world.  In  summer  is 
often  carried  into  temperate  regions  and  can  persist  till  frost.     (Dyar.%) 

*  Proc.  U.  S.  Nat.  Mus.  62  (1922)  art.  1,  p.  94, 

f  Howard,  Dyar,  and  Knab,   Mosquitoes  of  North  and   Central  America 
and  the  West  Indies  4=^  (1917)  824. 
i  Philip.  Journ.  Sci.  1    (1906)   996. 
§Proc.  U.  S.  Nat.  Mus.  62   (1922)  art.  1,  pp.  94  and  95. 
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PROTOCOLS  OF  MOSQUITO  LOTS  USED 

The  lots  of  mosquitoes  used  in  performing  the  experiments 
discussed  in  the  miain  part  of  this  article  are  here  summarized 
under  three  headings ;  namely,  Section  A  Aedes  segypti,  Section 
B  Aedes  albopictus,  and  Section  C  Culex  quinqitefasciatus.  The 
data  relative  to  the  potential  infection  and  subsequent  use  of 
each  lot  are  divided  arbitrarily  into  two  parts ;  namely,  ''infection 
of  mosquitoes,"  which  includes  all  data  relative  to  the  potential 
infection  with  dengue-fever  virus,  whether  or  not  infection  ac- 
tually occurred;  and  ''experimental  use,''  which  includes  all  data 
relative  to  the  subsequent  use  of  the  mosquitoes. 

SECTION  A.  PROTOCOLS  OF  LOTS  OF  AEDES  .EGYPTI 

Lot  1  Aedes  aegypti. 

Infection  of  mosquitoes. — December  15,  1928  (noon),  forty-seven  normal 
A.  segypti  fed  on  a  naturally  acquired  dengue-fever  case  (Keller)  during 
the  first  day  of  the  disease  and  were  designated  lot  1. 

Experimental  use. —  (1)  December  31,  1928,  10  a.  m.,  seventeen  fed  on 
A.V.  1-H,  resulting  in  dengue  January  9,  1929.  (2)  December  31,  1928, 
10  a.  m.,  fifteen  fed  on  A.V.  2-M,  resulting  in  dengue  January  7,  1929,  at 
3  a.  m.  (3)  January  10  and  11,  1929,  four  and  three  fed  on  M.  rhesus 
2.  Dengue  not  proved.  (4)  January  10,  1929,  11  a.  m.,  thirteen  fed  on 
M.  philippinensis  4.     Dengue  not  determined. 

Lot  2  Aedes  aegypti. 

Infection  of  mosquitoes.— ^smuary  9,  1929,  10  a.  m.,  eighty-nine  normal 
A.  segypti  fed  on  experimental  dengue-fever  case  A.V.  2-M  during  the 
second  day  of  the  disease  and  were  designated  lot  2. 

Experimental  use. —  (1)  February  9,  1929,  9  a.  m.,  sixty-one  mosquitoes 
of  this  lot  fed  on  F.V.  12-S.  This  volunteer  was  immune  to  dengue.  (2) 
February  19,  1929,  10  a.  m.,  fifty-six  fed  on  A.V.  4-Y,  resulting  in  dengue 
February  26,  1929,  8  p.  m.  (3)  March  2,  1929,  9  to  11  a.  m.,  two  mos- 
quitoes of  this  lot,  along  with  mosquitoes  of  lot  3  fed  on  M.  fuscatus  1. 
Dengue  not  determined. 

Lot  3  Aedes  aegypti. 

Infection  of  mosquitoes. — January  10,  1929,  9  a.  m,,  one  hundred  four 
normal  A.  aegypti  fed  on  experimental  dengue-fever  case  A.V.  1-H  during 
the  first  day  of  the  disease  and  were  designated  lot  3. 

Experimental  use. —  (1)  January  31,  1929,  9  a.  m.,  the  equivalent  of 
8.25  mosquitoes  was  injected  into  M.  rhesus  4.  Dengue  not  proved.  (2) 
January  31,  1929,  9  a.  m.,  M.  philippinensis  7  also  received  an  injection 
of  the  equivalent  of  8.25  mosquitoes.  Dengue  was  not  determined.  (3) 
January  31,  1929,  9  to  11  a.  m.,  ten  fed  on  M.  philippinensis  6.  Dengue 
was  not  proved.  (4)  January  31,  1929,  9  to  11  a.  m.,  fifteen  fed  on  M. 
rhesus  3.  Dengue  was  not  determined.  (5)~  February  9,  1929,  10  a.  m., 
fifty-six  fed  on  F.V.  11-R.  This  volunteer  was  immune  to  dengue.  (6) 
February  19,  1929,  9  a.  m.,  fifty-six  fed  on  A.V.  3-A,  resulting  in  dengue 
during  the  morning  of  February  25,  1929.     (7)   February  28,  1929,  a.  m.. 
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twelve  fed  on  M.  rhesus  5.  Dengue  was  not  proved.  (8)  March  1  and 
2,  i929,  a.  m.,  one  and  two  mosquitoes  of  this  lot  fed  on  M.  fuscatus  1, 
along  with  mosquitoes  of  lot  2.     Dengue  was  not  determined. 

Lot  4  Aedes  aegypti. 

Infection  of  mosquitoes. — January  15,  1929,  8  to  11  a.  m.,  fourteen  nor- 
mal A.  segypti  fed  on  M.  rhesus  1,  during  the  sixth  day  following  injection 
of  1  cubic  centimeter  of  citrated  blood  drawn  from  A.V.  2'-M  during  the 
second  day  of  dengue.     These  were  designated  lot  4. 

Experimental  use. — February  12,  1929,  a.  m.,  ten  mosquitoes  of  this  lot, 
along  with  mosquitoes  of  lots  5  and  6,  fed  on  A.V.  3-A.  Dengue  did  not 
develop.  This  lot  was  not  infectious,  as  A.V.  3-A  later  came  down  with 
dengue  fever  when  bitten  by  lot  3. 

Lot  5  Aedes  aegypti. 

Infection  of  mosquitoes. — January  15,  1929,  8  to  11  a.  m.,  five  normal 
A.  segypti  fed  on  M.  philippinensis  3  during  the  sixth  day  following  an 
injection  of  1  cubic  centimeter  of  citrated  blood  drawn  from  A.V.  2-M 
during  the  second  day  of  dengue  and  were  designated  lot  5. 

Experimental  use. —  (1)  February  12,  1929,-  a.,  m.,  two  mosquitoes  of 
this  lot,  along  with  mosquitoes  of  lots  4  and  6,  fed  on  A.V.  3-A.  The 
noninfectivity  of  this  lot  was  proved  by  later  producing  dengue  in  A.V. 
3-A  by  the  feeding  of  mosquitoes  of  lot  3. 

Lot  6  Aedes  aegypti. 

Infection  of  mosquitoes. — January  15,  1929,  8  to  11  a.  m.,  fifteen  normal 
A.  segypti  fed  on  M.  philippinensis  5  during  the  fifth  day  following  a 
subcutaneous  injection  of  1  cubic  centimeter  of  citrated  blood  drawn  from 
A.V.  1-H  during  the  first  day  of  dengue.  These  mosquitoes  were  desig- 
nated lot  6. 

Experimental  u^e. —  (1)  February  12,  1929,  a.  m.,  nine  mosquitoes  of 
this  lot  along  with  mosquitoes  of  lots  4  and  5  fed  on  A.V.  3-A.  This  lot 
was  not  infective,  as  the  susceptibility  of  A.V.  3-A  was  later  proved  with 
lot  3. 

Lot  7  Aedes  aegypti. 

This  lot  fed  on  a  Filipino  during  an  attack  of  dengue  but  was  never 
used. 

Lot  8  Aedes  aegypti. 

Infection  of  mosquitoes. — Ova  from  known  infected  A.  segypti  lot  1 
were  obtained  between  January  4  and  8,  1929.  Adults  emerged  between 
January  15  and  20,  1929.  These  were  given  daily  feedings  on  normal 
guinea  pig  from  January  21  to  24.  The  sixty  females  obtained  were 
designated  lot  8. 

Experimental  use. —  (1)  February  12,  1929,  a.  m.,  forty-eight  fed  on 
A.V.  4-Y.  Dengue  did  not  follow.  A.V.  4-Y  was  later  proved  infected 
by  lot  2. 

Lot  9  Aedes  aegypti. 

Infection  of  mosquitoes. — February  25,  1929,  9  a.  m.,  one  hundred  forty- 
one  normal  A,  segypti  fed  on  A.V.  3-A  during  the  first  day  of  dengue 
fever  and  were  designated  lot  9. 
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Experimental  use. —  (1  and  2)  March  26,  1929,  10  a.  m.,  fifty-eight  fed 
on  F.V.  15-V  and  thirty-seven  fed  on  F.V.  16-V.  Both  of  these  volun- 
teers were  immune.  (3)  April  11,  1929,  11  a.  m.,  forty-nine  fed  on  A.V. 
6-R,  resulting  in  dengue  fever  during  the  morning  of  April  16,  1929. 
(4)  April  21,  1929,  5  p.  m.,  six  fed  on  I.V.  1-B,  resulting  in  dengue  April 
27,  1929.  (5)  April  21,  1929,  5  p.  m.,  six  fed  on  I.V.  2-P,  resulting  in 
dengue  April  26,  1929.  (6)  April  21,  1929,  5  p.  m.,  seven  fed  on  I.V. 
3-T,  resulting  in  dengue  April  26,  1929.  (7)  April  26,  1929,  6  p.  m., 
five  fed  on  I.V.  4-B,  resulting  in  dengue  April  30,  1929. 

Lot  10  Aedes  aegypti. 

Infection  of  mosquitoes. — February  27,  1929,  9  a.  m.,  three  hundred 
twenty-three  normal  A.  segypti  fed  on  A.V.  4-Y  during  the  first  day  of 
dengue  fever  and  were  designated  lot  10. 

Experimental  use. —  (1  and  2)  March  26,  1929,  10  a.  m.,  seventy-nine 
fed  on  F.V.  13-A  and  one  hundred  twenty  three  fed  on  F.V.  14-N.  Both 
were  immune.  (3)  April  8,  1929,  10  a.  m.,  one  hundred  thirty-nine  fed 
on  A.V.  5-M,  resulting  in  dengue  during  the  afternoon  of  April  13,  1929. 
(4)  April  13,  1929,  10  a.  m.,  fifty-one  fed  on  A.V.  7-M.  This  volunteer 
was  immune  to  dengue.  (5)  April  20,  1929,  10  a.  m.,  A.V.  10-H  received 
a  subcutaneous  injection  of  6  cubic  centimeters  of  the  filtrate  obtained 
by  passing  a  suspension  of  fifty  mosquitoes  macerated  in  salt  solution 
through  a  preliminary  Mandler  filter  (our  No.  1).  Dengue  developed 
during  the  morning  of  April  28,  1929. 

Combined  lots  9  and  10  Aedes  aegypti. 

Infection  of  mosquitoes. — April  25,  1929,  9  a.  m.,  the  remaining  mos- 
quitoes of  lots  9  and  10,  infected  as  above,  were  combined  into  one  lot. 

Experimental  use. —  (1)  April  25,  1929,  9  a.  m.,  twenty-nine  fed  on 
A.V.  8-G,  resulting  in  dengue  during  the  afternoon  of  April  30,  1929. 
(2)  May  1,  1929,  10  a.  m.,  eight  fed  on  A.V.  3-A,  but  did  not  cause  dengue. 
This  was  an  immunity  test,  as  A.V.  3-A  had  been  previously  infected 
by  lot  3. 

Lot  11  Aedes  aegypti. 

Infection  of  mosquitoes. — April  16,  1929,  10  a.  m.,  one  hundred  twenty- 
two  normal  A.  aegypti  fed  on  A.V.  5-M,  during  the  third  day  of  dengue 
and  were  designated  lot  11. 

Experimental  use. —  (1)  April  29,  1929,  10  a.  m.,  twenty-two  fed  on 
A.V.  4-Y,  but  did  not  result  in  dengue.  This  was  an  immunity  test,  but 
had  to  be  repeated  with  another  lot  as  lot  11  was  later  proved  to  be  non- 
infective.  (2)  April  29,  1929,  10  a.  m.,  thirty-nine  fed  on  A.V.  9-D,  but 
did  not  cause  dengue.  (3)  May  2,  1929,  9  a.  m.,  forty-one  fed  on  A.V. 
12-S,  but  did  not  cause  dengue.  This  lot  was  not  infected,  as  lot  12  later 
produced  dengue  in  A.V.  9-D  and  lot  17  infected  A.V.  12-S  with  dengue. 

Lot  12  Aedes  aegypti. 

Infection  of  mosquitoes. — April  16,  1929,  10  a.  m.,  one  hundred  sixty- 
eight  normal  A.  segypti  fed  on  A.V.  6-R  during  the  first  day  of  dengue 
and  were  designated  lot  12. 

Experimental  use. —  (1)  May  8,  1929,  9  a.  m.,  fifteen  fed  on  A.V.  9-D, 
resulting  in  dengue  during  the  morning  of  May  14,  1929.     (2)    May  16, 
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1929,  9  a.  m.,  eight  fed  on  A.V.  4-Y,  but  did  not  result  in  dengue.  This 
experiment  proved  the  immunity  of  A.V.  4-Y  resulting  from  dengue  pro- 
duced previously  by  lot  2. 

Lot  13  Aedes  aegypti. 

Infection  of  mosquitoes. — This  was  a  composite  lot,  consisting  of  three 
cages,  formed  by  combining,  each  day,  the  mosquitoes,  normal  A.  segypti, 
that  had  fed  on  Filipino  soldiers  (F.V.  13-A,  F.V.  14-N,  F.V.  15-V,  and 
F.V.  16-V)  on  the  first,  second,  and  third  days  after  they  had  been  bitten 
March  26,  1929,  by  known  dengue-transmitting  A.  xgypti  of  lots  9  and  10. 
March  27,  1929,  9  to  10  a.  m.,  twenty-seven  normal  A.  segypti  fed  on  F.V. 
13-A,  twenty-nine  fed  on  F.V.  14-N,  twenty-two  fed  on  F.V.  15-V,  and 
twenty-eight  fed  on  F.V.  16-V.  These  were  combined  to  form  a  "first-day 
cage.''  March  28,  1929,  9  to  10  a.  m.,  twenty-eight  normal  A,  segypti  fed 
on  F.V.  13-A,  twenty-eight  fed  on  F.V.  14-N,  and  twenty-nine  fed  on 
F.V.  16-V.  These  were  combined  to  form  a  "second-day  cage."  March 
29,  1929,  9  to  10  a.  m.,  twenty-five  normal  A.  segypti  fed  on  F.V.  13-A, 
twenty-four  fed  on  F.V.  14-N,  and  twenty-four  fed  on  F.V.  16-V.  These 
were  combined  to  form  a  "third-day  cage." 

Experimental  use, —  (1)  April  17,  1929,  9  a.  m.,  forty  mosquitoes  each 
were  taken  from  the  first-,  the  second-,  and  the  third-day  cage  and  were 
combined.  Eighty-two  fed  on  A.V.  8-G,  but  did  not  result  in  dengue.  This 
lot  was  not  infected,  since  A.V.  8-G  was  later  infected  by  combined  lots 
9  and  10. 

Lot  14  Aedes  aegypti. 

Infection  of  mosquitoes. — Same  as  lot  13,  except  F.V.  15-V  was  not 
used,  and  fourth-,  fifth-,  and  sixth-day  cages  were  prepared.  March  30, 
1929,  9  to  10  a.  m.,  twenty-seven  normal  A.  aegypti  fed  on  F.V.  13-A,  twenty- 
five  fed  on  F.V.  14-N,  and  twenty-five  fed  on  F.V.  16-V.  These  were 
combined  to  form  a  "fourth-day  cage."  March  31,  1929,  9  to  10  a.  m., 
twenty-three  normal  A,  segypti  fed  on  F.V.  13-A,  twenty-five  fed  on  F.V. 
14-N,  and  twenty-five  fed  on  F.V.  16-V.  These  were  combined  to  form  a 
"fifth-day  cage."  April  1,  1929,  9  to  10  a.  m.,  twenty-five  normal  A.  aegypti 
fed  on  F.V.  13-A,  twenty-four  fed  on  F.V.  14-N,  and  twenty-five  fed  on 
F.V.  16-V.  These  were  combined  to  form  a  "sixth-day  cage."  April  20, 
1929,  9  a.  m.,  forty  mosquitoes  were  taken  from  each  cage  and  combined  to 
form  lot  14. 

Experimental  use. —  (1)  April  20,  1929,  10  a.  m.,  ninety-three  fed  on 
A.V.  9-D,  but  failed  to  cause  dengue.  This  lot  was  not  infectious,  as 
A.V.  9-D  developed  dengue  May  14,  1929,  six  days  after  he  had  been 
bitten  by  lot  12. 

Lot  15  Aedes  aegypti. 

Infection  of  mosquitoes. —  (Same  as  lot  14,  except  that  seventh-,  eighth-, 
ninth-,  and  tenth-day  cages  were  prepared.)  April  2,  1929,  a.  m.,  nine- 
teen normal  A.  aegypti  fed  on  F.V.  13-A,  twenty-four  fed  on  F.V.  14-N, 
and  twenty-four  fed  on  F.V.  16-V.  These  were  combined  to  form  a 
"seventh-day  cage."  April  3,  1929,  a.  m.,  twenty-nine  normal  A.  aegypti 
fed  on  F.V.  13-A,  twenty-four  fed  on  F.V.  14-N,  and  twenty-five  fed  on 
F.V.  16-V.     These  were  combined  to  form  an  "eighth-day  cage."    April 
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4,  1929,  a.  m.,  thirty  normal  A,  segypti  fed  on  F.V.  13-A,  thirty-one  fed 
on  F.V.  14-N,  and  thirty  fed  on  F.V.  16-V.  These  were  combined  to 
form  a  "ninth-day  cage."  April  5,  1929,  a.  m.,  nineteen  normal  A,  ssgypti 
fed  on  F.V.  13-A,  fifteen  fed  on  F.V.  14-N,  and  twenty-three  fed  on 
F.V.  16-V.  April  23,  1929,  forty  mosquitoes  were  taken  from  each  cage 
to  form  a  combined  lot  of  one  hundred  and  sixty  A,  segypti  designated 
lot  15. 

Experimental  use. —  (1)  April  23,  1929,  10.30  a.  m.,  one  hundred  and 
sixty  fed  on  A.V.  12-S,  but  did  not  result  in  dengue.  This  lot  waa  not 
Infected,  since  A.V.  12-S  was  infected  by  the  subsequent  feeding  of  lot  17. 

Lot  16  Aedes  aegypti. 

Infection  of  mosquitoes. — April  20,  1929,  11  a.  m.,  ninety-three  normal 
A,  segypti  fed  on  F.V.  18-P  during  the  second  day  of  possible  dengue. 
Dengue  was  never  proved  in  this  volunteer. 

Experimental  use. —  (1)  May  7,  1929,  a.  m.,  thirty-three  living  and 
twenty-seven  that  had  died  overnight  were  ground  in  saline,  filtered  through 
(a)  colloidal  filter  and  (6)  preliminary  Handler,  and  the  filtrate  injected 
into  A.V.  13-W.  Dengue  did  not  follow  the  injection.  The  filtrate  was 
not  infective,  as  A.V.  13-W  developed  dengue  when  bitten  later  by  lot  18. 

Lot  17  Aedes  aBgypti. 

Infection  of  mosquitoes. — April  29,  1929,  10  a.  m.,  one  hundred  ninety- 
six  normal  A.  segypti  fed  on  A.V.  10-H  during  the  second  day  of  dengue 
and  were  designated  lot  17. 

Experimental  use, —  (1)  May  11,  1929,  9  a.  m.,  seventeen  fed  on  A.V. 
12-S,  resulting  in  dengue  during  the  afternoon  of  May  17,  1929. 

Lot  18  Aedes  aegypti. 

Infection  of  mosquitoes. — May  1,  1929,  9  a.  m.,  one  hundred  ninety-six 
normal  A.  segypti  fed  on  A.V.  8-G  during  the  first  day  of  dengue  and 
were  designated  lot  18. 

Experimental  use. —  (1)  May  17,  1929,  9  a.  m.,  eighty-five  fed  on  A.V. 
13-W,  resulting  in  dengue  during  the  morning  of  May  22,  1929. 

Lot  19  Aedes  aegypti. 

Infection  of  mosquitoes. — May  14,  1929,  10  a.  m.,  one  hundred  seventy- 
one  normal  A.  segypti  fed  on  A.V.  9-D  during  the  first  day  of  dengue  and 
were  designated  lot  19. 

Experimental  use. —  (1)  June  20,  1929,  9  a.  m.,  twelve  fed  on  A.V.  14- 
A,  resulting  in  dengue  during  the  morning  of  June  26,  1929.  (2)  July 
20,  1929,  9  a.  m.,  two  were  killed  and  used  in  experiments  13  and  14  under 
lot  25. 

Lot  20  Aedes  aegypti. 

Infection  of  mosquitoes. — May  15,  1929,  9.30  a.  m.,  one  hundred  eighty- 
one  normal  A.  segypti  fed  on  A.V.  9-D  during  the  second  day  of  dengue. 
This  lot  was  not  used  subsequently. 

Lot  21  Aedes  aegypti. 

Infection  of  mosquitoes. — May  18,  1929,  10  a.  m.,  eighty-eight  normal 
A.  segypti  fed  on  guinea  pig  3  during  the  third  day  following  the  injection, 
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May  15,  of  1  cubic  centimeter  of  blood  drawn  from  A.V.  9-D  during  the 
first  thirty  hours  of  dengue.     These  mosquitoes  were  designated  lot  21. 

Experimental  use, — (1)  June  5,  1929,  a.  m.,  forty-five  fed  on  A.V.  14-A, 
but  did  not  cause  dengue.  (2)  June  13,  1929,  a.  m.,  thirty-seven  were 
macerated  in  salt  solution  by  the  aid  of  sand  in  a  mortar,  and  filtered 
through  a  preliminary  Handler  filter.  The  filtrate  was  injected  sub- 
cutaneously  into  A.V.  14-A,  but  did  not  cause  dengue.  A.V.  14-A  was 
later  infected  by  lot  19. 

Lot  22  Aedes  segypti. 

Infection  of  mosquitoes. — May  18,  1929,  10  a.  m.,  one  hundred  sixty- 
two  normal  A.  segypti  fed  on  A.V.  12-S  during  the  first  day  of  dengue  and 
were  designated  lot  22. 

Experimental  use. —  (1)  July  20,  1929,  a.  m.,  four  mosquitoes  were  killed 
and  used  with  mosquitoes  of  lots  19  and  25  in  filtration  experiments  de- 
scribed under  13  and  14  of  lot  25. 

Lot  23  Aedes  aegypti. 

Infection  of  mosquitoes. — May  23,  1929,  8  a.  m.,  one  hundred  ninety-two 
normal  A.  segypti  fed  on  A.V.  13-W  during  the  second  day  of  dengue  fever 
and  were  designated  lot  23.     This  lot  was  not  used  subsequently. 

Lot  24  Aedes  aegypti. 

June  6,  1929. — Six  hundred  normal  A.  segypti  fed  on  normal  blood  and 
were  later  used  for  control  purposes. 

Lot  25  Aedes  aegypti. 

Infection  of  mosquitoes. — June  26,  1929,  9  a.  m.,  three  hundred  sixty- 
three  normal  A.  segypti  fed  on  A.V.  14-A  during  the  first  day  of  dengue 
and  were  designated  lot  25. 

Experimental  use. —  (1)  June  29,  1929,  a.  m.,  forty  three-day-infected 
mosquitoes  were  ground  in  8  cubic  centimeters  of  normal  saline  (0.85  per 
cent)  and  filtered  once  through  cotton  and  twice  through  Handler  filter 
(our  No.  10) ;  3  cubic  centimeters  of  the  filtrate  was  injected  subcutan- 
eously  into  arm  of  A.V.  20-B,  who  did  not  develop  dengue.  A.V.  20-B 
was  later  infected  by  mosquitoes  of  lot  30.  (2)  June  29,  1929,  a.  m.,  thirteen 
mosquitoes,  with  virus  in  the  mosquitoes  only  three  days  old,  fed  on  A.V. 
21-H,  but  did  not  cause  dengue.  See  experiment  5.  (3)  July  1,  1929,  a. 
m.,  virus  has  now  been  in  the  mosquitoes  for  five  days.  Sixty-one  fed  on 
A.V.  22-H,  but  did  not  result  in  dengue.  See  experiment  6.  (4)  July  1, 
1929,  a.  m.,  forty  of  the  five-day-infected  mosquitoes  were  ground  in  a  mor- 
tar, with  sand  and  6  cubic  centimeters  of  0.85  per  cent  saline,  and  filtered 
through  Handler  filter  (our  No.  10).  Three  cubic  centimeters  of  the  filtrate 
was  injected  subcutaneously  into  A.V.  23-B.  Dengue  did  not  result. 
(5)  July  11,  1929,  a.  m.,  fifteen  fifteen-day-infected  mosquitoes  of  this 
lot  fed  on  A.V.  21-H,  resulting  in  dengue  at  noon  July  16.  (6)  July 
11,  1929,  a.  m.,  fourteen  fed  on  A.V.  22-H,  resulting  in  dengue  during 
the  afternoon  of  July  15.  (7)  July  11,  1929,  a.  m.,  1  cubic  centimeter 
of  the  mosquito  filtrate  received  from  Handler  filter  (our  No.  10)  was 
injected  into  A.V.  20^B,  but  did  not  cause  dengue.    A.V.  2C-B  was  in- 
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fected  later  by  lot  30.  (8)  July  11,  1929,  a.  m.,  1  cubic  centimeter 
of  the  Handler  (our  No.  10)  filtrate  was  also  injected  into  A.V.  23-B, 
but  did  not  cause  dengue.  See  experiment  14.  (9)  and  (10)  July  11, 
1929,  a.  m.,  1  cubic  centimeter  of  a  Berkefeld  (our  No.  3)  filtrate,  equiv- 
alent to  fifteen  mosquitoes,  was  injected  subcutaneously  into  A.V.  24-H  and 
into  A.V.  25-D.  Neither  developed  dengue,  but  both  were  subsequently 
infected  by  lot  29.  (11)  July  11,  1929,  a.  m.,  two  mosquitoes  were  placed 
on  the  unbroken  skin  on  the  forearm  of  A.V.  26-T  and  rubbed  in  with 
the  rounded  end  of  a  small  test  tube  to  test  the  penetrating  power  of 
dengue  virus.  A.V.  26-T  did  not  develop  dengue.  Dengue  was  later 
produced  in  this  volunteer  by  mosquitoes  of  lot  29.  (12)  July  11,  1929, 
9  a.  m.,  two  mosquitoes  were  rubbed  into  the  abraded  skin  surface  on 
the  forearm  of  A.V.  27-P,  but  did  not  cause  dengue.  A.V.  27-P  was  later 
infected  by  lot  29.  (13)  July  20,  1929,  a.  m.,  twelve  mosquitoes  of  this 
lot,  one  of  lot  19,  and  two  of  lot  22  were  ground  in  a  mortar  with  sterile 
sand  and  0.85  per  cent  salt  solution  and  filtered  through  a  Handler  filter 
(our  No.  7).  The  filtrate  was  injected  subcutaneously  into  A.V.  20-B, 
but  did  not  cause  dengue.  A.V.  20-B  was  infected  later  by  lot  30.  (14) 
July  20,  1929,  a.  m.,  a  preliminary  Handler  (our  No.  8)  filtrate,  prepared 
as  in  13,  was  injected  into  A.V.  23-B,  but  did  not  cause  dengue.  The 
susceptibility  of  this  volunteer  was  proved  later  when  dengue  was  caused 
by  lot  29.  (15)  July  29,  1929,  a.  m.,  fifty  mosquitoes  (thirteen  from  lot 
25,  nineteen  from  lot  30,  and  eighteen  from  lot  32)  were  ground  in  a  mortar 
with  sand  and  0.85  per  cent  saline,  and  filtered  through  a  Handler  filter 
(our  No.  7).  The  filtrate  was  injected  subcutaneously  into  A.V.  27-P, 
but  did  not  cause  dengue.     A.V.  27-P  was  later  infected  by  lot  29. 

Lots  26,  27,  and  28  Aedes  aegyptl. 

These  lots  were  fed  on  uncontrolled  dengue  cases  and  were  never  used. 

Lot  29.     See  record  of  Aedes  albopictus. 
Lot  30  Aedes  aegyptl. 

Infection  of  mosquitoes, — July  16,  1929,  9  a.  m.,  one  hundred  and  ninety- 
two  normal  A.  segypti  fed  on  A.V.  22-H  during  the  first  day  of  dengue 
fever  and  were  designated  lot  30. 

Experimental  use, —  (1)  July  21,  1929,  11  a.  m.,  seven  mosquitoes,  five 
days  after  infective  feeding,  were  ground  in  mortar  with  3  cubic  centi- 
meters of  0.85  per  cent  saline;  1.5  cubic  centimeters  of  the  Handler  (our 
No.  7)  filtrate  was  injected  into  A.V.  25-D,  but  failed  to  cause  dengue. 
A.V.  25-D,  later,  was  infected  by  lot  29.  (2)  July  29,  1929,  9  a.  m.,  nine 
fed  on  A.V.  20-B,  resulting  in  dengue  during  the  morning  of  August  4, 
1929.  (3)  July  29,  1929,  a.  m.,  nineteen  mosquitoes  of  this  lot  were  com- 
bined with  mosquitoes  of  lots  19  and  32  for  use  in  the  filtration  experiment 
described  under  15,  lot  25.  (4)  Twenty-five  mosquitoes  of  this  lot  were 
combined  with  twenty-five  mosquitoes  from  lot  32,  ground  up  in  a  mortar 
with  sand  and  14  cubic  centimeters  of  sterile  0.85  per  cent  salt  solution 
and  1  cubic  centimeter  amounts  were  injected  into  M.  philippinensis  22, 
23,  25,  26,  27,  28,  and  29.  Macacus  philippinensis  25  developed  dengue,  as 
was  later  proved  by  dengue  transmission  from  monkey  by  lot  92  (c). 
The  rest  were  negative.  (5  to  9,  inclusive)  August  5,  1929,  10  a.  m., 
eight  fed  on  F.V.  27-A,  nine  fed  on  F.V.  22-G,  seven  fed  on  F.V.  20-F, 
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seven  fed  on  F.V.  25-0,  and  ten  fed  on  F.V.  21-D.O.     All  five  volunteers 
were  found  to  be  immune  to  dengue. 

Lot  31.     See  record  of  Culex  quinquefasciatus. 
Lot  32  Aedes  segypti. 

Infection  of  mosquitoes. — July  17,  1929,  9.15  a.  m.,  three  hundred  ninety- 
seven  normal  A,  segypti  fed  on  A.V.  21-M  during  the  first  day  of  dengue 
and  were  designated  lot  32. 

Experimental  use.—  (l)  July  29,  1929,  10  a.  m.,  eight  fed  on  A.V.  28-P, 
resulting  in  dengue  during  the  morning  of  August  4,  1929.  (2)  July  29, 
1929,  a.  m.,  eighteen  mosquitoes  of  this  lot  were  used  with  mosquitoes 
from  lots  25  and  30  to  perform  the  filtration  experiment  described  under 
lot  25  (15).  (3)  August  2,  1929,  a.  m.,  twenty-five  mosquitoes  of  this 
lot  and  twenty-five  from  lot  30  were  used  to  inject  the  monkeys  as  de- 
scribed under  lot  30  (4).  (4  to  8,  inclusive)  August  5,  1929,  9  to  10  a.  m., 
ten  fed  on  F.V.  23-S,  seven  fed  on  F.V.  26-A,  eight  fed  on  F.V.  28-R, 
seven  fed  on  F.V.  29-D,  and  six  fed  on  F.V.  24-A.  All  were  immune. 
(9)  August  17,  1929,  a.  m.,  one  hundred  mosquitoes  were  ground  in  a 
porcelain  dish  containing  pyrex  glass  particles  and  4  cubic  centimeters 
of  hormone  broth;  2  cubic  centimeters  of  this  suspension  was  diluted  to 
5  cubic  centimeters  with  hormone  broth  and  filtered  through  Berkefeld 
"V"  filter  (our  No.  19) ;  1.5  cubic  centimeters  of  the  filtrate  were  injected 
subcutaneously  into  A.V.  29-J,  resulting  in  dengue  during  the  afternoon 
of  August  26,  1929.  (10)  August  17,  1929,  a.  m.,  the  second  2-cubic-centi- 
meter  portion  of  the  suspension  prepared  in  4  above  was  filtered  through 
a  Handler  filter  (our  No.  7),  which  had  been  previously  saturated  with 
hormone  broth;  5  cubic  centimeters  of  filtrate  was  obtained;  2.5  cubic 
centimeters  was  injected  subcutaneously  into  A.V.  30-L,  but  did  not  cause 
dengue.  Dengue  was  subsequently  transmitted  to  A.V.  30-L  by  lot  41. 
(11)  Eighty  were  used  in  feeding  lot  44. 

Lot  33  Aedes  aegypti. 

This  lot  was  fed  on  chickens  following  the  injection  of  dengue  virus, 
but  was  never  tested  for  infectivity. 

Lot  34  Aedes  aegypti. 

Infection  of  mosquitoes, — August  3,  1929,  9.45  a.  m.,  one  hundred  eighteen 
normal  A.  segypti  fed  on  A.V.  26-3r  thirty  hours  prior  to  the  onset  of 
dengue  and  were  designated  lot  34.     This  lot  was  not  used  subsequently. 

Lot  35  Aedes  aegypti. 

Infection  of  mosquitoes. — August  4,  1929,  9.30  a.  m.,  one  hundred  seventy- 
six  normal  A.  aegypti  fed  on  A.V.  28-P  during  the  first  day  of  dengue 
and  were  designated  lot  35. 

Experimental  use.—  (\)  August  20,  1929,  a.  m.,  twenty-five  mosquitoes 
were  killed,  macerated,  and  mixed  with  normal  citrated  blood  and  used 
in  feeding  lot  45.  (2)  August  26,  1929,  12  noon,  eighty-two  fed  on  A.V. 
31-D,  resulting  in  dengue  during  the  evening  of  August  30,  1929. 

Lot  36  Aedes  aegypti. 

Infection  of  mosquitoes.— Ku^\xs>t  5,  1929,  1.15  p.  m.,  one  hundred  fifty- 
six  normal  A.  aagypti  fed  on  A.V.  28-P  during  the  first  day  of  dengue 
and  were  designated  lot  36.     This  lot  was  not  used  subsequently. 
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Lot  37.     See  record  of  Aedes  albopictus. 
Lot  38  Aedes  segypti. 

Infection  of  mosquitoes. — August  5,  1929,  1.15  p.  m.,  one  hundred  thirty- 
eight  normal  A.  ssgypti  fed  on  A.V.  26-T  during  the  first  day  of  dengue 
and  were  designated  lot  38,  but  were  not  used  subsequently. 

Lot  39  Aedes  aegypti. 

Infection  of  mosquitoes. — August  13,  1929,  10.15  a.  m.,  sixty-five  nor- 
mal A,  ssgypti  fed  on  A.V.  25-D  during  the  first  day  of  dengue  and  were 
designated  lot  39.     This  lot  was  not  used. 

Lot  iO  Aedes  aegypti. 

Infection  of  mosquitoes. — August  5,  1929,  1.15  p.  m.,  one  hundred  ninety- 
three  normal  A,  segypti  fed  on  A.V.  20-B  during  the  second  day  of  dengue 
and  were  designated  lot  40. 

Experimental  use. —  (1)  August  22  and  23,  1929,  a.  m.,  mosquitoes  of 
this  lot  were  used  in  feeding  lots  46  and  47.  (2)  August  26,  1929,  9 
a.  m.,  twenty-four  fed  on  A.V.  29-J,  but  this  volunteer  came  down  during 
the  afternoon  with  dengue  from  a  previous  inoculation  of  filtrate  from 
lot  32. 

Lot  41  Aedes  aegypti. 

Infection  of  mosquitoes. — August  6,  1929,  11.30  a.  m.,  one  hundred 
ninety-six  normal  A.  segypti  fed  on  A.V.  23-B  during  the  first  day  of 
dengue  and  were  designated  lot  41. 

Experimental  u^e. — (1)  August  23,  1929,  a.  m.,  thirty  mosquitoes  of 
this  lot  and  thirty  of  lot  40  were  used  in  feeding  lot  47.  (2)  August 
26,  1929,  10  a.  m.,  sixteen  fed  on  A.V.  30-L,  resulting  in  dengue  during 
the  afternoon  of  August  30,  1929. 

Lot  42  Aedes  aegypti. 

Infection  of  mosquitoes. — August  12,  1929,  11.30  a.  m.,  one  hundred 
seventy-six  normal  A,  ssgypti  fed  on  A.V.  27-P  during  the  first  'day  of 
dengue  and  were  designated  lot  42.     This  lot  was  not  used  subsequently. 

Lot  43.     See  record  of  Aedes  albopictus. 

Lot  44  Aedes  aegypti. 

Infection  of  mosquitoes. — August  20,  1929,  a.  m.,  twenty-two  normal 
A.  segypti  fed  through  an  animal  membrane  on  eighty  infected  A.  xgypti 
of  lot  32,  macerated  and  suspended  in  1  cubic  centimeter  of  0.85  per  cent 
salt  solution  and  4  cubic  centimeters  of  citrated  normal  blood.  These  were 
designated  lot  44  and  were  later  used,  combined  with  lots  45,  46,  and  47. 
See  lot  47. 

Lot  45  Aedes  aegypti. 

Infection  of  mosquitoes. — August  20,  1929,  a.  m.,  twenty-two  normal 
A.  aegypti  fed  through  an  animal  membrane  on  twenty-five  infected  A. 
segypti  of  lot  35,  macerated  and  suspended  in  4  cubic  centimeters  of  nor- 
mal dengue-free  blood.  These  were  designated  lot  45  and  were  later  used, 
combined  with  lots  44,  46,  and  47.     See  lot  47. 
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LfOt  46  Aedes  segypti. 

Infection  of  mosgm^oes.— August  22,  1929,  a.  m.,  seven  normal  A.  segypti 
fed  through  an  animal  membrane  on  forty  infected  A.  segypti  of  lot  40, 
macerated  and  suspended  in  3  cubic  centimeters  of  guinea-pig  blood. 
These  were  designated  lot  46  and  were  later  used,  combined  with  lots 
44,  45,  and  47.      See  lot  47. 

Lot  47  Aedes  aegypti. 

Infection  of  mosquitoes.— August  23,  1929,  a.  m.,  one  hundred  one  normal 
A,  segypti  fed  through  an  animal  membrane  on  thirty  mosquitoes  of  lot 
40  and  thirty  of  lot  41,  which  had  been  killed,  macerated,  and  suspended 
in  5  cubic  centimeters  of  normal  citrated  blood.  These  were  designated 
lot  47  and  were  combined  with  lots  44,  45,  and  46  for  use. 

Experimental  tise.— Combined  lots  44,  45,  46,  and  47.  (1)  September 
5,  1929,  9  a.  m.,  forty-seven  fed  on  A.V.  39-M,  resulting  in  dengue  during 
the  afternoon  of  September  11,  1929.  (2)  September  21,  1929,  10  a.  m., 
twenty-eight  fed  on  A.V.  36-V,  resulting  in  dengue  fever  during  the 
afternoon  of  September  26,  1929.  (3)  September  23,  1929,  10  a.  m., 
thirty  mosquitoes  of  this  lot  were  used  in  feeding  lot  69. 

Lot  48  Aedes  aegypti. 

Infection  of  mosquitoes.— August  27,  1929,  11.15  a.  m.,  three  hundred 
twenty  normal  A.  segypti  fed  at  11.15  a.  m.,  on  A.V.  29-J  during  the 
first  day  of  dengue  and  were  designated  lot  48. 

Experimental  use. —  (1)  September  23,  1929,  a.  m.,  mosquitoes  of  this 
lot  were  used  in  giving  lots  67  and  68  a  potentially  infective  feeding. 

Lot  49  Aedes  aegypti. 

Infection  of  mosquitoes. — August  27,  1929,  11.15  a.  m.,  citrated  blood 
drawn  from  A.V.  29-J  during  the  first  day  of  dengue  was  placed  beneath 
an  animal  membrane.  One  hundred  thirteen  noirmal  A.  segypti  fed  and 
were  designated  lot  49. 

Experimental  use. —  (1)  September  14,  1929,  a.  m.,  thirty-three  fed  on 
A.V.  33-B,  resulting  in  dengue  during  the  afternoon  of  September  18, 
1929. 

Lot  50  Aedes  aegypti. 

Infection  of  mosquitoes* — August  29,  1929,  12  noon,  forty-six  normal 
A.  segypti  fed  on  F.V.  21-D.  0.  These  were  designated  lot  50,  but  were 
not  used  subsequently. 

Lot  51.     See  record  of  Aedes  albopictus. 
Lot  52  Aedes  aegypti. 

Infection  of  mosquitoes. — August  31,  1929,  11.45  a.  m.,  three  hundred 
thirty-nine  normal  A.  segypti  fed  on  A.V.  31-D  during  the  first  day  of 
dengue  and  were  designated  lot  52. 

Experimental  use. —  (1)  October  2,  1929,  11  a.  m.,  ten  fed  on  A.V. 
46-L,  resulting  in  dengue  during  ithe  afternoon  of  October  7,  1929. 
(2)  October  2,  1929,  11  a.  m.,  nine  fed  on  A.V.  43-D,  resulting  in  dengue 
during  the   afternoon  of   October   6,   1929.     (3)    October   7,   1929,   a.  m., 
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six  fed  on  A.V.  41-F,  resulting  in  dengue  during  the  afternoon  of  October 
11,  1929.  (4)  October  7,  1929,  12  noon,  forty-four  fed  on  M.  fuscatus  2, 
resulting  in  dengue  sometime  between  October  10  and  15,  1929,  as  proved 
by  transfer  of  dengue  from  the  monkey  by  lots  82,  83,  84,  85,  88,  and 
89.  (5)  October  11,  1929,  9  a.  m.,  eight  fed  on  A.  V.  40-W.  This  volun- 
teer was  immune  to  dengue.  (6)  October  11,  1929,  9  a.  m.,  eight  fed  on 
A.  V.  44-F,  resulting  in  dengue  during  the  afternoon  of  October  16. 
(7)  October  19,  1929,  10  a.  m.,  eleven  fed  on  A.V.  47-D,  but  did  not  cause 
dengue.  This  experiment  was  made  to  test  the  immunity  to  dengue  in 
A.V.  47-D,  produced  by  fever  resulting  from  feeding  of  lot  69.  (8)  Oc- 
tober 30  1930,  a.  m.,  mosquitoes  of  this  lot  were  used  in  feeding  lot  96. 

Lot  53  Aedes  aegypti. 

Infection  of  mosquitoes. — August  31,  1929,  12.15  p.  m.,  sixty-four  nor- 
mal A,  degypti  fed,  through  a  piece  of  guinea-pig  skin,  upon  citrated  blood 
drawn  from  A.V.  31-D,  during  the  first  day  of  dengue  and  were  designated 
lot  53. 

Experimental  use. —  (1)  September  14,  1929,  a.  m.,  forty-two  fed  on 
A.V.  37-M,  resulting  in  dengue  during  the  afternoon  of  September  20, 
1929. 

Lot  54  Aedes  aegypti. 

Infection  of  mosquitoes. — September  2,  1929,  10  a.  m.,  one  hundred 
fifty-two  normal  A.  asgypti  fed  on  A.V.  35-E  during  the  first  day  of 
dengue  and  were  designated  lot  54. 

Experimental  use. —  (1)  October  30,  1929,  a.  m.,  mosquitoes  of  this  lot 
were  used  in  feeding  lot  96. 

Lot  55  Aedes  aegypti. 

Infection  of  mosquitoes. — September  3,  4,  and  5,  1929,  a.  m.,  total 
of  one  hundred  ninety-three  normal  A.  segypti  fed  on  four  chickens  during 
the  third,  fourth,  and  fifth  days  after  they  had  been  inoculated  with  citrated 
blood  drawn  from  A.V.  31-D  during  the  first  day  of  dengue  and  were 
designated  lot  55. 

Experimental  use. —  (1)  September  26,  1929,  a.  m.',  one  hundred  twenty 
fed  on  A.V.  41-F,  but  did  not  cause  dengue.  A.V.  41-F  was  infected 
later  by  lot  52. 

Lot  56  Aedes  aegypti. 

Infection  of  mosquitoes. — September  6,  7,  and  8,  1929,  a.  m.,  a  total 
of  two  hundred  eight  normal  A.  segypti  fed  on  the  four  chickens  used  under 
lot  55,  but  now  in  their  sixth,  seventh,  and  eighth  days  since  infection, 
and  were  designated  lot  56. 

Experimental  u^e. — September  26,  1929,  a.  m.,  one  hundred  five  fed  on 
A.V.  41-F,  but  did  not  cause  dengue.     See  lot  52. 

Lot  57.     See  record  of  Culex  quinquefasciatus. 
Lot  58.     See  record  of  Aedes  albopictus. 
Lot  59  Aedes  aegypti. 

Infection  of  mosquitoes. — September  6,  1929,  9.30  a.  m.,  three  hundred 
eighty-six  normal  A.  asgypti  fed  on  A.V.  34-S  during  the  first  day  of 
dengue  fever  and  were  designated  lot  59. 
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Experimental  use. —  (1)  October  30,  1929,  a.  m.,  mosquitoes  of  this 
lot  were  used  in  feeding  lot  96. 

Lot  60  Aedes  aegypti. 

Infection  of  mosquitoes. — September  11,  1929,  11.15  a.  m.,  ninety-five 
normal  A,  mgypti  fed  on  A.V.  38-H  during  the  first  day  of  dengue  and 
were  designated  lot  60. 

Experimental  u^e. —  (1)  October  30,  1929,  a.  m.,  mosquitoes  of  this 
lot  were  used  in  feeding  lot  96. 

Lot  61  Aedes  aegypti. 

Infection  of  mosquitoes. — September  11,  1929,  11.15  a.  m.,  sixteen  nor- 
mal A,  segypti  fed  on  A.V.  39-M  during  the  first  day  of  dengue  and  were 
designated  lot  61. 

Experimental  use. —  (1)  October  30,  1929,  a.  m.,  mosquitoes  of  this 
lot  were  used  in  feeding  lot  96. 

Lot  62  "A"  Aedes  aegypti. 

Infection  of  mosquitoes. — From  August  14,  1929,  to  September  14,  1929, 
a  number  of  normal  A.  aegypti  designated  lot  62  '*A''  were  fed  on  small 
pieces  of  banana  and  papaya,  and  a  dish  of  water,  which  were  switched 
daily  from  the  cage  containing  infected  lot  30. 

Experimental  u^e. —  (1)  September  14,  1929,  9  a.  m.,  four  fed  on  A.V. 
46-L,  but  did  not  cause  dengue.     A.V.  46-L  was  later  infected  by  lot  52. 

Lot  62  "B"  Aedes  aegypti. 

Infection  of  mosquitoes. — ^August  9  to  17,  1929,  adult  A,  segypti  desig- 
nated lot  62  "B"  were  obtained  from  larvae  raised  in  500  cubic  centimeters 
of  water,  which  had  been  contaminated  daily  with  five  macerated,  dengue- 
infected  mosquitoes  of  lot  32. 

Experimental  use. —  (1)  August  26,  1929,  thirty-three  fed  on  A.V.  36-V; 
September  3  twenty-four  fed  on  A.V.  36-V;  and  September  11  twelve 
fed  on  A.V.  36-V,  but  did  not  cause  dengue.  A.V.  36-V  was  infected 
later  by  lot  47. 

Lot  63  Aedes  aegypti. 

Infection  of  mosquitoes. — September  16,  1929,  a.  m.,  thirteen  normal 
A.  aegypti  fed,  through  an  animal  membrane,  on  eighteen  mosquitoes  of 
combined  lots  44,  45,  46,  and  47,  which  had  been  killed,  macerated,  and  sus- 
pended in  4  cubic  •  centimeters  of  normal  citrated  blood.  September  17, 
1929,  a.  m.,  eleven  normal  A.  aegypti  fed,  through  an  animal  skin,  on 
twenty-four  infected  mosquitoes  of  combined  lots  44,  45,  46,  and  47,  which 
had  been  killed  and  ground  up  in  5  cubic  centimeters  of  normal  citrated 
blood.  The  twenty-four  mosquitoes  obtained  from  the  two  feedings  were 
designated  lot  63. 

Experimental  use. —  (1)  September  25,  1929,  9  a.  m.,  fifteen  fed  on 
A.  V.  40-W.  (2)  October  2,  1929,  11  a.  m.,  five  fed  on  A.V.  40^W. 
Dengue  did  not  follow  these  feedings.  A.V.  40-W  was  later  proved  to 
be  immune  to  dengue.  (3)  October  2,  1929,  11  a.  m.,  seven  fed  on  A.V. 
44-F,  but  did  not  cause  dengue.     A.V.  44-F  was  infected  later  by  lot  52. 
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Lot  64  Aedes  aegypti. 

Infection  of  mosquitoes. — September  11,  1929,  a.  m.,  0.1  cubic  centi- 
meter amounts  of  blood  drawn  from  A.V.  38~H,  then  in  his  first  day 
of  dengue,  were  inoculated  into  tubes  of  Galloway's  relapsing-fever  medium 
and  of  Locke-egg-serum  medium.  Every  day  and  every  second  day  trans- 
fers of  0.*1  cubic  centimeter  of  the  cultures  were  made  into  tubes  of 
fresh  media.  September  21,  1929,  a.  m.,  specimens  from  each  of  the 
last  tubes  were  taken  and  mixed  with  equal  amounts  of  normal  defibrinated 
blood  and  used  in  feeding,  through  a  piece  of  guinea-pig  skin,  one  hun- 
dred twenty  normal  A,  asgypti,  which  were  designated  lot  64.  . 

Experimental  use, —  (1)  October  7,  1929,  10.30  a.  m.,  eighty-two  mos- 
quitoes of  this  lot  and  mosquitoes  of  lots  65  and  66  fed  on  A.V.  48-H, 
but  did  not  cause  dengue.  (2)  October  15,  1929,  9.30  a.  m.,  thirty-five 
mosquitoes  of  this  lot  and  mosquitoes  of  lots  65,  66^  and  74  fed  on  A.V. 
48-H,  but  did  not  cause  dengue.  A.V.  48-H  was  infected  later  by  lot  71. 
(3)  October  19,  1929,  10  a.  m.,  twenty-six  fed  on  A.V.  51-S,  but  did  not 
cause  dengue.     A.V.  51-S  was  infected  later  by  lot  86. 

Lot  65  Aedes  aegypti. 

Infection  of  mosquitoes. — September  11,  1929,  a.  m.,  using  the  same 
infective  material  and  technic  as  in  lot  64,  inoculated  tubes  of  a  medium 
consisting  of  equal  parts  of  hydrocele  fluid  and  beef  infusion  broth,  both 
with  and  without  a  surface  layer  of  petrolatum.  September  21,  1929, 
a.  m.,  portions  of  the  last  culture  transplants  were  mixed  with  equal 
parts  of  normal  citrated  blood  and  used  in  feeding,  through  a  piece  of 
chicken  skin,  thirty-two  normal  A.  aegypti.  These  were  designated  lot 
65. 

Experimental  use. — (1)  October  7,  1929,  10  a.  m.,  twenty-four  mos- 
quitoes of  this  lot  and  mosquitoes  of  lots  64  and  66  fed  on  A.V.  48-H, 
but  did  not  cause  dengue.  (2)  October  15,  1929,  10  a.  m.,  twelve  mos- 
quitoes of  this  lot  and  mosquitoes  of  lots  64,  66,  and  74  fed  on  A.V.  48-H, 
but  did  not  cause  dengue.  A.V.  48-H  developed  dengue  during  the  after- 
noon of  October  26,  1929,  five  days  after  he  had  been  bitten  by  mosquitoes 
of  lot  71.  (3)  October  19,  1929,  10  a.  m.,  six  mosquitoes  of  this  lot  and 
mosquitoes  of  lot  66  fed  on  A.V.  52-N,  but  did  not  cause  dengue.  See 
protocol  of  A.V.  52-N. 

Lot  66  Aedes  aegypti. 

Infection  of  mosquitoes. — September  21,  1929,  a.  m.,  a  tube  of  "N.N.N.*' 
medium  was  inoculated  with  0.1  cubic  centimeter  of  dengue-infective  blood 
as  described  under  lot  64.  Every-day  and  every-other-day  transplants 
of  two  loopfuls  were  made.  September  21,  1929,  a.  m.,  twenty-nine  nor- 
mal A,  ssgypti  fed,  through  a  piece  of  chicken  skin,  on  a  mixture  of  equal 
parts  of  the  washings  from  the  last  tubes  of  the  one-  and  two-day-culture 
transplants  and  of  normal  citrated  blood.  These  mosquitoes  were  desig- 
nated lot  66. 

Experimental  use. —  (1)  October  7,  1929,  10.30  a.  m.,  nineteen  mos- 
quitoes of  this  lot  and  mosquitoes  of  lots  64  and  65  fed  on  A.V.  48-H,  but 
did  not  cause  dengue.  (2)  October  15,  1929,  9.30  a.  m.,  eleven  mosquitoes 
of  this  lot  and  mosquitoes  of  lots  64,  65,  and  74  fed  on  A.V.  48-H,  but 
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did  not  cause  dengue.  See  lot  65  (2).  (3)  October  19,  1929,  10  a.  m.,  ten 
mosquitoes  of  this  lot  and  mosquitoes  of  lot  65  fed  on  A.V.  52-N,  but 
did  riot  cause  dengue.     See  protocol  of  A.V.  52-N. 

Lot  67  Aedes  aBgypti. 

Infection  of  mosquitoes, — September  23,  1929,  a.  m.,  one  hundred  forty- 
eight  normal  A.  aegypti  fed  through  a  piece  of  chicken  skin  upon  five  in- 
fected mosquitoes  of  lot  48,  macerated,  and  suspended  in  8.5  cubic  centi- 
meters of  citrated  normal  blood.    These  were  designated  lot  67. 

Experimental  use. —  (1)  October  7,  1929,  10.30  a.  m.,  six  fed  on  A.V. 
49-L,  but  did  not  cause  dengue.  (2)  October  15,  1929,  9.30  a.  m.,  forty- 
seven  fed  on  A.V.  49-L,  but  did  not  cause  dengue.  A.V.  49-L  later, 
was  infected  by  lot  104. 

Lot  68  Aedes  8egypti. 

Infection  of  mosquitoes. — September  23,  1929,  a.  m.,  fifty-eight  normal 
A.  3egypti  fed,  through  a  piece  of  chicken  skin,  on  twenty-five  mosquitoes 
of  infected  lot  48,  which  had  been  ground  in  a  mortar  with  5  cubic  centi- 
meters of  hormone  broth  and  5  cubic  centimeters  of  normal  blood.  These 
mosquitoes  were  designated  lot  68. 

Experimental  use.—  {l)  October  23,  1929,  9  a.  m.,  seventeen  fed  on 
A.V.  49-L,  but  did  not  cause  dengue.  A.V.  49-L  was  infected  later  by 
lot  104. 

Lot  69  Aedes  ^gypti. 

Infection  of  mosquitoes. — September  23,  1929,  10  a.  m.,  one  hundred 
thirty-five  normal  A.  segypti  fed,  through  a  piece  of  chicken  skin,  on 
thirty  mosquitoes  of  infected  lots  44,  45,  46,  and  47,  which  had  been 
killed,  ground  in  a  mortar,  and  mixed  with  1  cubic  centimeter  of  normal 
blood  and  5  cubic  centimeters  of  0.85  per  cent  salt  solution.  These  mos- 
quitoes were  designated  lot  69. 

Experimental  use. —  (1)  September  28,  1929,  9  a.  m.,  ninety-five  fed  on 
A.V.  47-D,  but  did  not  cause  dengue.  The  virus  had  been  in  the  mosqui- 
toes only  five  days.  (2)  October  7,  1929,  10.30  a.  m.,  fifty  fed  on  A.V. 
47-D,  resulting  in  the  onset  of  dengue  during  the  morning  of  October 
12,  1929.  (3)  November  4,  1929,  10  a.  m.,  ten  mosquitoes  fed  on  A.V. 
56-K,  but  did  not  cause  dengue.  A.V.  56-K  was  infected  later  by  lot 
104. 

Lot  70  Aedes  segypti. 

This  lot  fed  on  A.V.  43-D  during  a  slight  elevation  of  temperature,  but 
was  discarded  when  it  was  decided  that  this  volunteer  did  not  have 
dengue. 

Lot  71  Aedes  aegypti. 

Infection  of  mosquitoes. — September  26,  1929,  11  a.  m.,  one  hundred 
eighty  normal  A,  segypti  fed  on  A.V.  36-V  during  the  first  day  of  dengue 
and  were  designated  lot  71. 

Experimental  use. —  (1)  October  21,  1929,  10  a.  m.,  sixty-four  fed  on  A.V. 
48-H,  resulting  in  the  onset  of  dengue  during  the  afternoon  of  October 
26.  (2)  October  26,  1929,  1  p.  m.,  eight  fed  on  A.V.  55-S,  resulting  in 
the  onset  of  dengue  during  the  afternoon  of  October  31.     (3)    October 
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28,  1929,  a.  m.,  eleven  mosquitoes  of  this  lot,  ei^ht  of  which  had  fed  on 
A.V.  55-S  two  days  previously,  were  ground  in  a  porcelain  mortar  con- 
taining powdered  pyrex-glass  and  0.5  cubic  centimeter  of  0.85  per  cent 
salt  solution  and  were  applied  to  abrasions  made  on  the  forearm  of  A.V. 
56-K  by  scratching  with  a  needle.  Dengue  did  not  develop.  A.V.  56-K 
was  infected  later  by  lot  104.  (4)  October  30,  1929,  mosquitoes  of  this 
lot  were  used  in  feeding  lot  96. 

Lot  72  Aedes  aegypti. 

Infection  of  mosquitoes. — September  27,  1929,  9  a.  m.,  seven  hundred 
fifty-five  normal  A.  aegypti  fed,  through  a  piece  of  chicken  skin,  on  citrated 
blood  drawn  from  A.V.  42-H  during  the  first  day  of  dengue  and  were 
designated  lot  72. 

Experimental  use, —  (1)  October  30,  1929,  a.  m.,  mosquitoes  of  this  lot 
were  used  in  feeding  lot  96. 

Lot  73.     See  record  of  Aedes  albopictus. 
Lot  74  Aedes  aegypti. 

Infection  of  mosquitoes, — October  5,  1929,  9  a.  m.,  seven  normal  A. 
aegypti  fed,  through  a  piece  of  chicken  skin,  on  the  five-day  transplants 
of  the  cultures  described  under  lots  64  and  65,  mixed  with  equal  parts 
of  dengue-immune  blood  and  were  designated  lot  74. 

Experimental  use. —  (1)  October  15,  1929,  9.30  a.  m.,  two  fed  on  A.V. 
48-H  along  with  lots  64,  65,  and  66  but  did  not  result  in  dengue.  A.V. 
48-H  was  infected  later  by  lot  71. 

Lots  75  and  77  Aedes  aegypti. 

Infection  of  mosquitoes. — September  27,  1929,  cultures  of  0.1  cubic  centi- 
meter of  blood  drawn  from  A.V.  42-H  during  the  first  day  of  dengue 
were  started  in  tubes  containing  bone-marrow,  brain,  and  spleen  broths. 
These  were  transplanted  daily.  October  5,  1929,  seven  normal  A.  aegypti 
fed,  and  October  7  forty-eight  fed,  through  a  piece  of  chicken  skin,  on 
portions  of  24-hour  cultures  mixed  with  equal  parts  of  normal  human  blood. 
These  were  combined  and  used  as  combined  lots  75  and  77. 

Experimental  use. —  (1)  October  21,  1929,  10.  a.  m.,  fourteen  mosqui- 
toes of  this  lot  and  one  mosquito  of  lot  80  fed  on  A.V.  50-G,  but  did  not 
cause  dengue.     A.V.  50-C  was  later  infected  by  lot  86. 

Lot  76  Aedes  aegypti. 

Infection  of  mosquitoes. — October  7,  1929,  10.30  a.  m.,  eighty  normal 
A.  aegypti  fed  on  A.V.  43-D  during  the  first  day  of  dengue  and  were 
designated  lot  76. 

Experimental  use. —  (1)  October  30,  1929,  mosquitoes  of  this  lot  were 
used  in  feeding  lot  96. 

Lot  77  Aedes  aegypti.     See  lot  75. 

Lot  78.     See  record  of  Aedes  albopictus. 

Lot  79  Aedes  aegypti. 

Infection  of  mosquitoes. — October  9,  1929,  1  p.  m.,  three  hundred  thirty 
normal  A.  aegypti  fed  on  A.V.  46-L  during  the  second  day  of  dengue  and 
were  designated  lot  79. 
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Expei^imental  use. —  (1)  October  30,  1929,  a.  m.,  mosquitoes  of  this 
lot  were  used  in  feeding  lot  96. 

Lot  80  Aedes  aegypti. 

Infection  of  mosquitoes, — September  29,  1929,  cultures  of  dengue  blood 
in  heart,  brain,  spleen,  and  banana  were  pooled,  mixed  with  equal  parts 
of  blood,  and  fed  to  normal  A.  segypti,  lot  80. 

Exjjerimental  use. —  (1)  October  11,  1929,  9  a.  m.,  five  fed  on  A.V. 
50-C,  but  did  not  cause  dengue.  (2)  October  21,  1929,  10  a.  m.,  one 
mosquito  of  this  lot  and  fourteen  mosquitoes  of  lot  75  fed  on  A.V.  50~r, 
but  did  not  cause  dengue.      A.V.  50-C  was  infected  later  by  lot  86. 

Lot  81  Aedes  aegypti. 

Infection  of  mosquitoes. — October  10,  1929,  10  a.  m.,  ninety-eight  normal 
A.  segypti  fed  on  A.V.  40-W,  but  were  not  used  subsequently. 

Lots  82,  83,  84,  85,  88,  and  89  Aedes  aegypti. 

Infection  of  mosquitoes. — October  7,  1929,  M.  fuscatus  2  was  bitten 
by  forty-four  mosquitoes  of  lot  62.  October  10,  1929,  thirty  normal 
A.  segypti  fed  and  became  lot  82.  October  11  twenty-eight  fed  lot  83. 
October  12  twenty-nine  fed  lot  84.  October  13  twenty-four  fed  lot  85. 
October  14  twenty-eight  fed  lot  88.     October  15  twenty-seven  fed  lot  89. 

Experitnental  u^e. —  (1)  October  28,  1929,  9.30  a.  m.,  six  of  lot  82, 
fifteen  of  lot  83,  four  of  lot  84,  six  of  lot  85,  fifteen  of  lot  88,  and  nine 
of  lot  89  fed  on  A.V.  53-C,  resulting  in  the  onset  of  dengue  during  the 
afternoon  of  November  3,  1929.  (2)  November  5,  1929,  a.  m.,  twenty- 
seven  fed  on  M.  fuscatus  4  and  resulted  in  dengue,  as  proved  by  subsequent 
transmission  through  lot  111.  (3)  November  23,  1929,  10  a.  m.,  eleven  fed 
on  A.  V.  58-S,  but  did  not  cause  dengue.  This  volunteer  was  later  proved 
to  be  immune  to  dengue. 

Lot  86  Aedes  aegypti. 

Infection  of  mosquitoes. — October  13,  1929,  10  a.  m.,  fifty-two  normal 
A.  segypti  fed  on  A.V.  47-D  during  the  second  day  of  dengue  and  were 
designated  lot  86. 

Experimental  use. —  (1)  October  27,  1929,  11  a.  m.,  fourteen  fed  on 
A.  V.  51-S,  resulting  in  the  onset  of  dengue  at  noon,  November  1,  1929. 
(2)  November  7,  1929,  a.  m.,  ten  fed  on  A.V.  50-C.  Dengue  began  during 
the  afternoon  of  November  12,  1929. 

Lot  87  Aedes  aegypti. 

Infection  of  mosquitoes. — October  13,  1929,  10  a.  m.,  fifty-nine  normal 
A.  segypti,  designated  lot  87,  fed  on  A.V.  41-F,  during  the  first  day  of 
dengue,  but  were  not  used  subsequently. 

Lots  88  and  89  Aedes  aegypti.     See  under  lot  82. 
Lot  90  Aedes  aegypti. 

Infection  of  mosquitoes. — October  17,  1929,  10  a.  m.,  eighty-two  normal 
A.  aegypti,  designated  lot  90,  fed  on  A.V.  48-H,  but  were  discarded  when 
it  was  decided  that  the  volunteer  did  not  have  dengue. 
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Lot  91  Aedes  aegypti. 

Infection  of  mosquitoes. — October  17,  1929,  10  a.  m.,  eighty  normal 
A.  segypti  fed  on  A.V.  44-F  during  the  first  day  of  dengue  and  were 
designated  lot  91.     This  lot  was  never  used. 

Lot  92  Aedes  aegypti. 

Infection  of  mosquitoes, — Normal  A,  segypti  fed  on  M.  philippinensis 
monkeys  22,  23,  25,  26,  27,  28,  and  29  from  August  5  to  August  9,  1929, 
which  were  the  third  to  the  seventh  day  following  the  inoculation  August 
2,  1929,  of  macerated  mosquitoes  of  lots  30  and  32.  The  mosquitoes  that 
fed  on  M,  philippinensis  22  were  placed  in  one  cage  and  designated  lot 
92-A.  Likewise,  the  mosquitoes  feeding  on  the  other  monkeys  were  grouped 
and  numbered  as  follows:  No.  23,  lot  92  (b) ;  No.  25,  lot  92  (c) ;  No.  26, 
lot  92  {d) ;  No.  27,  lot  92  (e) ;  No.  28,  lot  92  (/) ;  No.  29,  lot  92  (g). 

Experimental  use. —  (1)  August  26,  1929,  a.  m.,  mosquitoes  from  all 
seven  sublots  fed  on  A.V.  35-E,  resulting  in  dengue  during  the  afternoon 
of  September  1,  1929.  (2)  September  5,  1929,  a.  m.,  a  total  of  two- 
hundred  three  mosquitoes  from  the  seven  cages  fed  on  A.V.  38-H,  result- 
ing in  dengue  during  the  afternoon  of  September  10,  1929.  (3)  September 
23,  1929,  a.  m.,  nine  mosquitoes  from  lot  92  {a)  fed  on  A.V.  46-L,  but 
did  not  cause  dengue.  (4)  September  21,  1929,  9  a.  m.,  fourteen  mosqui- 
toes from  lot  92  (6)  fed  on  A.V.  43-D,  but  did  not  cause  dengue.  (5) 
September  21,  1929,  9  a.  m.,  twenty-eight  mosquitoes  from  lot  92  (c)  fed 
on  A^V.  42-H,  resulting  in  the  onset  of  dengue  during  the  afternoon  of 
September  26,  1929.  (6)  September  16,  1929,  12  noon,  thirty-three  mos- 
quitoes from  lot  92  (d)  fed  on  A.V.  41-F,  but  did  not  cause  dengue. 
(7)  September  21,  1929,  9  a.  m.,  fifteen  mosquitoes  of  lot  92  (e)  fed  on 
A.V.  44-F,  but  did  not  cause  dengue.  (8)  September  14,  1929,  11  a.  m., 
five  mosquitoes  of  lot  92  (/)  fed  on  A.V.  40-W,  but  did  not  cause  dengue. 
(9)  September  21,  1929,  9  a.  m.,  twenty-eight  mosquitoes  of  lot  92  (g) 
fed  on  A.V.  45-V,  but  did  not  cause  dengue.  A.V.  46-L,  A.V.  43-D, 
A.V.  41-F,  and  A.V.  44-F  were  later  infected  by  lot  52;  A.V.  45-V  was 
infected  later  by  lot  58;  and  A.V.  40-W  was  subsequently  proved  to  be 


Lot  93  Aedes  aegypti. 

Infection  of  mosquitoes. — From  August  9  to  12,  1929,  during  the  fourth 
to  the  seventh  day  following  the  feeding  on  them  of  infected  lots  30  and 
32,  from  thirty  to  fifty  normal  A.  segypti  were  fed  on  each  of  ten  Filipino 
volunteers  each  day.  The  mosquitoes  feeding  on  each  volunteer  were 
combined  in  one  cage  and  numbered  as  follows:  F.V.  20-F,  lot  93  (a) ; 
F.V.  21-D.O.,  lot  93  (b) ;  F.V.  22-G,  lot  93  (c) ;  F.V.  23-S,  lot  93  {d) ; 
F.V.  24-A,  lot  93  (e) ;  F.V.  25-0,  lot  93  (/) ;  F.V.  26-A,  lot  93  (g) ;  F.V. 
27-A  lot  93  (h);  F.V.  28-R,  lot  93  (i) ;  F.V.  29-D,  lot  93   (j). 

Experimental  use. —  (1)  August  26,  1929,  10  a.  m.,  a  total  of  three  hun- 
dred fifteen  mosquitoes  from  cages  92  (a),  (d),  (e),  (g),  (h),  and  (j) 
fed  on  A.V.  37-M,  but  did  not  cause  dengue.  (2)  September  5,  1929,  10 
a.  m.,  forty-five  from  lot  93  (a),  forty-three  from  lot  93  (6),  forty-five 
from  lot  93  (c),  thirty-seven  from  lot  93  (d),  forty-one  from  lot  93  (e), 
forty-two  from  lot  93   (/),  thirty-eight  from  lot  93   (g),  twenty  from  lot 
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93  (k),  thirty-six  from  lot  93  (t),  and  fifty  from  lot  93  (j)  fed  on  A.V. 
37-M,  but  did  not  cause  dengue.     A.V.  37-M  was  infected  later  by  lot  53. 

Lot  94  Aedes  segjpti. 

Infection  of  mosquitoes, — From  August  16  to  19,  1929,  on  the  fourth  to 
the  seventh  day  following  the  intravenous  injection  of  0.5  cubic  centi- 
meter of  citrated  blood  drawn  from  A.V.  27-P  during  the  first  day  of 
dengue,  normal  A,  segypti  fed  on  eight  of  the  same  volunteers  used  in 
infecting  lot  93.  All  the  mosquitoes  that  fed  on  each  volunteer  during 
the  four  days  were  combined  and  designated  lot  94  (a)  to  (h). 

Experimental  use, —  (1)    September  5,  1929,  a.  m.,  twenty-eight  of  lot 

94  (a)  (F.V.  20~F),  thirty-seven  of  lot  94  (6)  (F.V.  21-D.O.),  thirty 
of  lot  94  (c)  (F.V.  22-G),  twenty-six  of  lot.  94  (d)  (F.V.  24-A),  forty- 
one  of  lot  94  (e)  (F.V.  26-A),  twenty-five  of  lot  94  (/)  (F.V.  27-A), 
forty-two  of  lot  94  {g)  (F.V.  28~R),  and  eighteen  of  lot  94  (h)  (F.V.  29-D) 
fed  on  A.V.  41-F,  but  did  not  cause  dengue.  A.V.  41~F  was  infected 
later  by  lot  52. 

Lot  95  Aedes  segypti. 

Infection  of  mosquitoes, — October  27,  1929,  9  a.  m.,  three  hundred 
seventy  normal  A,  aegypti  fed  on  A.V.  48-H  during  the  first  day  of  dengue 
and  were  designated  lot  95. 

Experimental  use, — (1)  November  29,  1929,  11  a.  m.,  fifty  mosquitoes 
were  ground  in  a  porcelain  mortar  without  the  aid  of  solid  particles,  and 
diluted  to  4  cubic  centimeters  with  hormone  broth.  The  suspension  was 
then  filtered  through  a  Mandler  filter  (our  No.  16)  and  1  cubic  centimeter 
of  the  filtrate  was  injected  subcutaneously  into  A.V.  64-C,  but  did  not 
cause  dengue.  A.V.  64-C  was  infected  later  by  lot  117.  (2)  December 
20,  1929,  a.  m.,  mosquitoes  of  this  lot  were  used  in  making  a  vaccine. 
See  lot  130. 

Lot  96  Aedes  aegypti. 

Infection  of  mosquitoes. — October  30,  1929,  10  a.  m.,  eighty-one  dengue- 
infected  A,  segypti  from  Lots  52  (6),  54  (8),  59  (7),  60  (1),  61  (2),  71 
(5),  72  (10),  76  (32),  and  79  (10)  were  ground  in  a  porcelain  mortar 
containing  pyrex-glass  sand,  mixed  with  1  cubic  centimeter  of  normal, 
defibrinated  blood  and  1  cubic  centimeter  of  0.85  per  cent  salt  solution, 
and  placed  in  a  feeding  cell  beneath  a  piece  of  chicken  skin.  Thirty-three 
normal  A,  segypti  fed  and  were  designated  lot  96. 

Experimental  use, — (1)  November  11,  1929,  10  a.  m.,  thirty  fed  on  A.V. 
57-E,  resulting  in  the  onset  of  dengue  at  noon  of  November  16,  1929. 

Lots  97  and  98.     See  record  of  Culex  quinquefasciatus. 
Lot  99  Aedes  aegypti. 

Infection  of  mosquitoes. — October  31,  1929,  6.30  to  8.30  p.  m.,  sixty-six 
normal  A,  segypti  took  a  partial  blood  feeding  on  A.V.  55-S  during  the 
first  day  of  dengue  and  were  designated  lot  99. 

Experimental  use, —  (1)  October  31,  1929,  7  to  9  p.  m.,  sixty-two  mos- 
quitoes completed  their  blood  meal  from  A.V.  52-N.  A.V.  52-N  came 
down  with  dengue  during  the  next  twenty-four  hours  and  nullified  this 
experiment.     (2)  November  1,  1929,  a.  m.,  lot  was  used  in  feeding  lot  103. 
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Lot  100  Aedes  aegypti. 

Infection  of  mosquitoes, — October  31,  1929,  9  p.  m.,  two  hundred  seventy- 
seven  normal  A.  segypti  fed  on  A.V.  55-S  during  the  first  day  of  dengue 
and  were  designated  lot  100. 

Experimental  use. —  (1)  November  1,  1929,  10.30  a.  m.,  twelve  fed  on 
A.V.  49-L,  but  did  not  cause  dengue.  Virus  had  been  in  the  mosquitoes 
about  fourteen  hours.  A.V.  49-L  was  infected  later  by  lot  104.  (2) 
November  24,  1929,  a.  m.,  nine  fed;  November  25,  ten  fed;  November  27, 
eight  fed  on  F.V.  11-R,  but  did  not  cause  dengue.  This  volunteer  was 
immune.  See  lots  3,  104,  and  112.  (3)  December  6,  1929,  a.  m.,  ninety- 
four  mosquitoes  of  this  lot  were  used  in  preparing  an  antigen.  See  lot 
105.  (4)  December  10,  1929,  10  a.  m.,  thirty-one  fed  on  A.V.  63-B,  but  did 
not  cause  dengue.  This  vollmteer  was  immune,  as  proved  later  by  lot 
174. 

Lot  101  Aedes  aegypti. 

Infection  of  mosquitoes. — November  1,  1929,  10.30  a.  m.,  three  hundred 
one  normal  A.  ssgypti  fed  on  A.V.  55-S,  during  the  first  day  of  dengue 
and  were  designated  lot  101. 

Experimental  use. —  (1)  December  20,  1929,  10  a.  m.,  mosquitoes  of  this 
lot  were  used  in  making  the  vaccine  described  under  lot  130. 

Lot  102  Aedes  aegypti. 

Infection  of  mosquitoes. — November  1,  1929,  a.  m.,  seventy-eight  mosqui- 
toes of  lot  97  were  ground  with  sand  in  a  porcelain  mortar  mixed  with 
0.4  cubic  centimeter  of  0.85  per  cent  salt  solution  and  1  cubic  centimeter 
of  citrated  guinea-pig  blood,  and  placed  in  a  feeding  cell.  Twenty-two 
normal  A.  ssgypti  fed  and  were  designated  lot  102.     This  lot  was  not  used. 

Lot  103  Aedes  aegypti. 

Infection  of  mosquitoes. — November  1,  1929,  a.  m.,  the  sixty-six  mos- 
quitoes of  lot  99  were  ground  in  1  cubic  centimeter  of  defibrinated  guinea- 
pig  blood  and  0.4  cubic  centimeter  of  0.85  per  cent  salt  solution.  This 
mixture  was  placed  in  a  feeding  cell.  Sixty  normal  A.  ssgypti  fed  and 
were  designated  lot  103. 

Experimental  use. —  (1)  November  30,  1929,  11.45  a.  m.,  sixteen  fed  on 
A.V.  66— W,  but  did  not  cause  dengue.  This  volunteer  was  infected  later 
by  lot  114.  (2)  December  20,  1929,  a.  m.,  mosquitoes  of  this  lot  were 
used  in  preparing  a  vaccine.     See  lot  130. 

Lot  104  Aedes  aegypti. 

Infection  of  mosquitoes. — November  1,  1929,  a.  m.,  nine  hundred  normal 
A.  segypti  were  fed,  through  a  piece  of  chicken  skin,  upon  blood  drawn 
from  A.V.  55-S,  during  the  first  day  of  dengue  and  were  designated  lot 
104. 

Experimental  u^e. —  (1)  November  16,  1929,  11.30  a.  m.,  twenty-five  fed 
on  A.V.  56— K  and  caused  the  onset  of  dengue  during  the  morning  of 
November  23,  1929.  (2)  November  16,  1929,  11.30  a.  m.,  twenty-one  fed 
on  A.V.  49-L  and  resulted  in  dengue,  commencing  during  the  morning 
of  November  21,  1929.  (3)  From  November  19  to  23,  1929,  daily  feedings 
of  ten,  nine,  nine,  ten,  and  thirty-five  mosquitoes  were  made  on  F.V.  11-R. 
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Dengue  did  not  develop.  This  volunteer  was  immune.  See  lots  3,  100,  and 
112.  (4)  November  30,  1929,  11  a.  m.,  fifty  mosquitoes  were  ground  in 
a  porcelain  mortar  containing  powdered  pyrex  glass  and  2  cubic  centi- 
meters of  hormone  broth.  After  centrifugation  for  one  minute  to  remove 
gross  particles,  the  supernatant  fluid  was  passed  through  a  Berkefeld  (W) 
filter  (our  No.  20).  After  the  original  suspension  had  been  taken  up  by 
the  filter,  an  additional  1  cubic  centimeter  of  hormone  broth  was  placed 
on  the  filter.  One  cubic  centimeter  of  the  filtrate  was  injected  subcuta- 
neously  into  A.V.  63-B,  but  did  not  cause  dengue.  This  volunteer  was 
immune  to  dengue.  (5)  December  20,  1929,  a.  m.,  mosquitoes  of  this  lot 
were  used  in  preparing  a  vaccine.     See  lot  130. 

Lot  105  Aedes  aegypti. 

Infection  of  mosquitoes. — November  1,  1929,  1.30  p.  m.,  eighty-eight 
normal  A.  segypti  fed  on  A.V.  52-N  during  the  first  day  of  dengue  and 
were  designated  lot  105. 

Experimental  use, —  (1)  December  6,  1929,  a.  m.,  twenty-eight  mosqui- 
toes of  this  lot,  ninety-four  from  lot  100,  eighty-four  from  lot  107,  one 
hundred  twenty-six  from  lot  108,  one  hundred  nineteen  from  lot  112,  and 
one  hundred  thirteen  from  lot  113 — a  total  of  five  hundred  sixty-four 
mosquitoes — were  ground  and  extracted  with  6  cubic  centimeters  of  abso- 
hite  alcohol  in  an  attempt  to  make  an  antigen  for  a  dengue  complement- 
fixation  test. 

Lot  106  Aedes  aegypti. 

Infection  of  mosquitoes. — November  1,  1929,  1.30  p.  m.,  eighty-five 
normal  A.  segypti  fed  on  A.V.  50-C  and  were  designated  lot  106.  This 
lot  was  discarded  because  the  volunteer  did  not  have  dengue  at  the  time 
of  feeding. 

Lot  107  Aedes  aegypti. 

Infection  of  mosquitoes. — November  2,  1929,  10.15  a.  m.,  one  hundred 
thirty-one  normal  A.  segypti  fed  on  A.V.  51-S  during  the  first  day  of 
dengue  and  were  designated  lot  107. 

Experimental  use. —  (1)  December  6,  1929,  a.  m.,  mosquitoes  of  this  lot 
were  used  in  preparing  a  vaccine.     See  lot  105. 

Lot  108  Aedes  aegypti. 

Infection  of  mosquitoes. — November  4,  1929,  10  a.  m.,  one  hundred  fifty- 
three  normal  A.  segypti  fed  on  A.V.  53-C  during  the  first  day  of  dengue 
and  were  designated  lot  108. 

Experimental  use. —  (1)  December  6,  1929,  a.  m.,  mosquitoes  of  this  lot 
were  used  in  preparing  a  vaccine.     See  lot  105. 

Lot  109  Aedes  aegypti. 

Infection  of  mosquitoes. — From  November  5  to  9,  1929,  on  the  fourth 
to  the  eighth  day  after  the  monkey  had  received  a  subcutaneous  injection 
of  5  cubic  centimeters  of  defibrinated  blood  drawn  from  A.V.  51~S  during 
the  first  day  of  dengue,  normal  A.  segypti  fed  on  M.  fuscatus  2.  The 
thirty,  thirty,  thirty,  twenty-six,  and  twenty-eight  mosquitoes  which  fed 
on  the  fourth  to  the  eighth  day,  inclusive,  were  combined  and  designated 
lot  109. 
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Experimental  use. —  (1)  November  28,  1929,  8.15  a.  m.,  seventy-seven 
fed  on  A.V.  61-J,  but  did  not  cause  dengue.  A.V.  61-J  was  infected  later 
by  lot  116. 

Lot  110  Aedes  aegypti. 

Infection  of  mosquitoes, — From  November  5  to  9,  1929,  on  the  fourth 
and  the  eighth  day  after  the  monkey  had  received  a  subcutaneous  injection 
of  5  cubic  centimeters  of  defibrinated  blood  drawn  from  A.V.  51-S  during 
the  first  day  of  dengue,  normal  A,  segypti  fed  on  M,  fuscatus  3.  The 
twenty,  twenty-seven,  thirty,  twenty-eight,  and  twenty  mosquitoes  that  fed 
on  the  fourth  to  the  eighth  day,  inclusive,  were  combined  and  designated 
lot  110. 

Experimental  use, —  (1)  November  28,  1929,  8.15  a.  m.,  seventy-five  fed 
on  A.V.  62-H,  resulting  in  the  onset  of  dengue  during  the  afternoon  of 
December  2,  1929.  (2)  December  12,  1929,  a.  m.,  eighty-four  fed  on 
M.  fuscatus  5,  but  did  not  cause  dengue.  See  lot  136.  (3)  December  20, 
1929,  mosquitoes  of  this  lot  were  used  in  preparing  a  vaccine.     See  lot  130. 

Lot  111  Aedes  aegypti. 

Infection  of  mosquitoes. — November  5,  1929,  a.  m.,  twenty-seven  mos- 
quitoes of  lots  82  83,  84,  85,  88,  and  89  fed  on  M.  fuscatus  4.  From 
November  8  to  13,  on  the  third  to  the  eighth  day  following  that  potentially 
infective  feeding,  normal  A.  segypti  fed  on  M.  fuscatus  4.  All  the  blood- 
filled  mosquitoes  (24,  28,  26,  27,  28,  and  30)  were  combined  and  designated 
lot  111. 

Experimental  use. —  (1)  November  28,  1929,  8.15  a.  m.,  one  hundred 
three  fed  on  A.V.  60-S,  resulting  in  the  onset  of  dengue  at  noon,  December 
4,  1929.  (2)  December  20,  1929,  a.  m.,  mosquitoes  of  this  lot  were  used 
in  preparing  a  vaccine.     See  lot  130. 

Lot  112  Aedes  aegypti. 

Infection  of  mosquitoes. — November  13,  1929,  11.45  a.  m.,  one  hundred 
ninety  normal  A,  ssgypti  fed  on  A.V.  50-C  during  the  first  day  of  dengue 
and  were  designated  lot  112. 

Experimental  use. —  (1)  November  27,  1929,  a.  m.,  one  hundred  normal 
male  A.  aegypti  designated  lot  123  were  placed  in  the  cage  containing  lot 
112  in  order  to  find  out  whether  dengue  could  be  transmitted  from  infected 
females  to  normal  males  by  copulation.  One  hundred  twenty  of  the  mosqui- 
toes of  lot  112  were  given  a  feeding  of  blood  from  F.V.  11-R  November 
28.  December  2  the  males  of  lot  123  were  removed  from  the  cage.  (2) 
December  6,  1929,  a.  m.,  mosquitoes  from  this  lot  were  used  in  making  an 
antigen.  See  lot  105.  (3)  December  10,  1929,  9  a.  m.,  ten  fed  on  A.V. 
65-F.  Dengue  developed  during  the  afternoon  of  December  16,  1929. 
(4)  December  20,  1929,  a.  m.,  mosquitoes  of  this  lot  were  used  in  preparing 
a  vaccine.     See  lot  130. 

Lot  113  Aedes  aegypti. 

Infection  of  mosquitoes. — November  14,  1929,  11.30  a.  m.,  one  hundred 
fifty  normal  Aedes  aegypti  fed  on  A.V.  54-K  during  the  first  day  of  dengue 
and  were  designated  lot  113. 

Experimental  use, —  (1)  December  6,  1929,  a.  m.,  mosquitoes  of  this  lot 
were  used  in  making  an  antigen.     See  lot  105. 
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Lot  114  Aedes  aegypti. 

Infection  of  mosquitoes, — November  16,  1929,  11.30  a.  m.,  one  hundred 
seventy  normal  Aedes  ssgypti  fed  on  A.V.  57-E  during  the  first  day  of 
dengue  and  were  designated  lot  114. 

Experimental  use, —  (1)  November  27,  1929,  a.  m.,  one  hundred  normal 
males,  designated  lot  124,  were  placed  in  the  cage  with  lot  114  and  allowed 
to  remain  there  until  December  3,  1929.  (2)  December  10,  1929,  9  a.  m., 
one  hundred  nine  fed  on  A.V.  66-W,  resulting  in  the  onset  of  dengue  at 
noon  of  December  15,  1929.  (3)  December  20,  1929,  a.  m.,  mosquitoes  of 
this  lot  were  used  in  preparing  a  vaccine.     See  lot  130. 

Lot  115  Aedes  aegypti. 

Infection  of  mosquitoes. — November  19,  1929,  a.  m.,  eleven  normal  A. 
segypti,  designated  lot  115,  fed  through  a  piece  of  chicken  skin,  on  thirty- 
three  mosquitoes  of  lot  96  suspended  in  2  cubic  centimeters  of  defibrinated 
normal  blood.     This  lot  was  never  used. 

Lot  116  Aedes  aegypti. 

Infection  of  mosquitoes. — November  23,  1929,  10  a.  m.,  one  hundred 
eighty-two  normal  A.  aegypti  fed  on  A.  V.  49-L  during  the  second  day 
of  dengue. 

Experimental  use. —  (1)  December  7,  1929,  1  p.  m.,  eighty-four  fed  on 
A.V.  61-J,  resulting  in  dengue  at  noon,  December  12,  1929.  (2)  Decem- 
ber 20,  1929,  a.  m.,.  mosquitoes  of  this  lot  were  used  in  preparing  a  vac- 
cine.    See  lot   130. 

Lot  117  Aedes  aegypti. 

Infection  of  mosquitoes. — November  23,  1929,  11.15  a.  m.,  one  hundred 
fourteen  normal  A.  ssgypti  fed  on  A.V.  56-K  during  the  first  day  of 
dengue  and  were  designated  lot  117. 

Experimental  use. —  (1)  December  10,  1929,  9  a.  m.,  fifty-eight  fed  on 
A.V.  64-C,  resulting  in  the  onset  of  dengue  at  noon,  December  16,  1929. 
(2)  December  20,  1929,  a.  m.,  mosquitoes  of  this  lot  were  used  in  preparing 
a  vaccine.     See  lot  130. 

Lot  118  Aedes  aegypti. 

Infection  of  miosquitoes. — November  24,  1929,  10  a.  m.,  one  hundred 
fifty-one  normal  A.  segypti  fed  on  A.V.  56-K  during  the  first  day  of  dengue 
and  were  designated  lot  118. 

Experimental  use. —  (1)  December  20,  1929,  a.  m.,  mosquitoes  of  this 
lot  were  used  in  preparing  a  vaccine.     See  lot  130. 

Lot  119  Aedes  aegypti. 

Infection  of  mosquitoes. — November  24,  1929,  10  a.  m.,  normal  A.  segypti, 
designated  lot  119,  fed  on  an  uncontrolled  case  of  dengue  but  were  not 
subsequently  used. 

Lot  120  Aedes  aegypti. 

Mosquitoes  designated  lot  120  were  never  used. 
Lot  121  Aedes  aegypti. 

Infection  of  mosquitoes. — From  November  18  to  December  5,  1929,  the 
dishes  containing  water  and  sugar  solution  were  transferred  daily  from 
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a  cage  containing  one  hundred  infected  mosquitoes  of  lot  101  to  a  cage 
containing  one  hundred  normal  A.  segypti  designated  lot  121. 

Experimental  use. —  (1)  November  28,  1929,  8.15  a.  m.,  sixty-three  fed  on 
A.V.  59-W,  but  did  not  cause  dengue.  (2)  December  5,  1929,  11.30  a.  m., 
forty-five  fed  on  A.V.  59-W,  but  did  not  cause  dengue.  (3)  December 
12,  1929,  9  a.  m.,  thirty-one  fed  on  A.V.  59-W,  but  did  not  cause  dengue. 
A.V.  59-W  was  infected  later  by  lot  173.  (4)  January  14,  1930,  1  p.  m., 
sixteen  fed  on  A.V.  74-L,  but  did  not  cause  dengue.  A.V.  74-L  was  in- 
fected later  by  lot  135. 

Lot  122  Aedes  aegypti. 

Infection  of  mosquitoes. — November  18  to  December  5,  1929,  slices  of 
banana  and  small  dishes  of  water  were  placed  in  a  cage  containing  one 
hundred  eleven  infected  mosquitoes  of  lot  101.  After  twenty-four  hours 
this  food  was  switched  to  a  cage  containing  one  hundred  normal  A.  asgypti 
designated  lot  122. 

Experimental  u^e. —  (1)  November  28,  1929,  8.15  a.  m.,  sixty  fed  on 
A.V.  59-W,  but  did  not  cause  dengue.  (2)  December  5,  1929,  11.30  a.  m., 
nineteen  fed  on  A.V.  59-W,  but  did  not  cause  dengue.  (3)  December  12, 
1929,  9  a.  m.,  twenty-six  fed  on  A.V.  59-W,  but  did  not  cause  dengue. 
This  volunteer  was  infected  later  by  lot  173.  (4)  January  14,  1930,  1 
p.  m.,  six  fed  on  A.V.  74-L,  but  did  not  cause  dengue.  A.V.  74-L  was 
infected  later  by  lot  135. 

Lot  123  Aedes  aegypti. 

Infection  of  mosquitoes. — November  27  to  December  2,  1929,  one  hun- 
dred normal  male  A.  segypti,  designated  lot  123,  were  kept  in  a  cage 
containing  one  hundred  infected  A.  segypti  of  lot  112,  in  order  to  test  the 
possibility  of  the  transfer  of  dengue  virus  by  copulation.  Note. — Novem- 
ber 28,  1929,  lot  112  was  given  a  full  feeding  of  normal  blood. 

Experimental  use. —  (1)  December  2  to  11,  1929,  eighty-four  of  these 
males  were  left  in  a  cage  with  one  hundred  normal  female  A.  segypti 
designated  lot  125.  (2)  December  19,  1929,  mosquitoes  of  this  lot  and 
of  lot  124  were  allowed  to  copulate  with  lot  145.  (3)  December  19,  1929, 
a.  m.,  forty-six  males  of  this  lot  and  sixty  males  of  lot  124  were  macer- 
ated in  3  cubic  centimeters  of  defibrinated  guinea-pig  blood  and  placed 
in  a  feeding  cell.  One  hundred  sixty-five  normal  A.  segypti  fed  and  were 
designated  lot  146. 

Lot  124  Aedes  aegypti. 

Infection  of  mosquitoes. — November  27  to  December  3,  1929,  one  hun- 
dred normal  male  A.  segypti  designated  lot  124  were  left  in  the  cage 
containing  infected  female  A.  segypti  of  lot  114. 

Experimental  use. —  (1)  December  3,  1929,  a.  m.,  mosquitoes  of  lot  124 
were  allowed  to  copulate  with  normal  female  A.  segypti,  designated  lot 
126.  (2)  December  19,  1929,  a  m.,  forty-six  male  A.  segypti  from  lot 
123  and  sixty  male  A.  segypti  from  lot  124  were  combined  and  allowed  to 
copulate  with  ninety-nine  normal  female  A.  segypti,  designated  lot  145. 
(3)  December  19,  1929,  a.  m.,  mosquitoes  of  this  lot  were  used  in  feeding 
lot  146. 
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Lot  125  Aedes  aegypti. 

Infection  of  Tnosquitoes. — December  2  to  11,  1929,  eighty  normal  female 
A.  segypti,  designated  lot  125,  were  left  in  a  cage  containing  male  A.  ssgypti 
of  lot  123. 

Experimental  use, —  (1)  January  13,  1930,  9.30  a.  m.,  twenty-six  fed  on 
A.V.  72-E,  but  did  not  cause  dengue.  (2)  January  27,  1930,  10  a.  m., 
eleven  mosquitoes  of  this  lot  and  mosquitoes  of  lots  126  and  145  fed  on 
A.V.  72-E,  resulting  in  the  onset  of  dengue  during  the  afternoon  of 
January  31,  1930.  (3)  February  3,  1930,  9.30  a.  m.,  two  fed  on  A.V. 
78-0,  but  did  not  cause  dengue.  A.V.  78-0  was  infected  later  by  lot 
138.  (4)  February  8,  1930,  11  a.  m.,  five  fed  on  A.V.  77-E,  but  did  not 
cause  dengue.     A.V.  77-E  was  later  infected  by  lot  162. 

Lot  126  Aedes  aegypti. 

Infection  of  mosquitoes. — December  3,  1929,  ninety-three  normal  female 
A.  segypti  copulated  at  least  once  with  male  A.  segypti  of  lot  124,  were 
designated  lot  126,  and  were  placed  in  a  separate  cage. 

Experimental  use, —  (1)  January  13,  1930,  9.30  a.  m.,  forty-nine  fed 
on  A.V.  72-E,  but  did  not  cause  dengue.  (2)  January  27,  1930,  10  a.  m., 
fifty-six  mosquitoes  of  this  lot  and  mosquitoes  of  lots  125  and  145  fed 
on  A.V.  72-E,  resulting  in  the  onset  of  dengue  during  the  afternoon  of 
January  31,  1930.  (3)  February  3,  1930,  9.30  a.  m.,  twenty-nine  fed  on 
A.V.  78-0,  but  did  not  cause  dengue.  A.V.  78-0  was  infected  later  by  lot 
138.  (4)  February  8,  1930,  11  a.  m.,  thirty-one  fed  on  A.V.  77-E,  but 
did  not  cause  dengue.     A.V.  77-E  was  infected  later  by  lot  162. 

Lot  127  Aedes  aegypti. 

Infection  of  mosquitoes, — November  18,  1929,  three  breeding  jars  were 
prepared,  each  containing  about  two  hundred  first-stage  A,  aegypti  larvae. 
From  two  to  ten  ground-up  infected  mosquitoes  of  lot  101  were  added 
daily  to  each  jar.  December  2  to  18,  1929,  adults  emerged.  December 
19,  1929,  eighty-five  of  the  adult  females  were  given  a  feeding  of  dengue- 
free  blood.  All  the  females  obtained  were  placed  in  a  cage  and  designated 
lot  127. 

Experimental  use. —  (1)  January  22,  1930,  8.30  a.  m.,  one  hundred  ten  fed 
on  A.V.  76-M,  but  did  not  cause  dengue.  A.V.  76-M  was  infected  later 
by  lot  137. 

Lot  128.     See  record  of  Aedes  albopictus. 
Lot  129  Aedes  aegypti. 

Infection  of  mosquitoes, ^December  4,  1929,  10.15  a.  m.,  three  hundred 
seventy-five  normal  A,  segypti  fed  on  A.V.  62-H  during  the  second  day 
of  dengue. 

Experimental  use. —  (1)  December  20,  1929,  a.  m.,  mosquitoes  of  this 
lot  were  used  in  preparing  a  vaccine.     See  lot  130. 

Lot  130  Aedes  aegypti. 

Infection  of  mosquitoes. — December  4,  1929,  9  to  12  noon,  six  hundred 
seventy-seven  normal  A,  segypti  fed,  through  a  piece  of  chicken  skin, 
upon  defibrinated  blood  drawn  from  A.V.  62-H  during  the  second  day 
of  dengue.     These  were  designated  lot  130. 
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Experimental  use. —  (1)  December  20,  1929,  a.  m.,  four  hundred  seventy- 
one  mosquitoes  of  this  lot,  two  from  lot  95,  ten  from  lot  112,  one  hundred 
four  from  lot  118,  two  hundred  ninety  from  lot  129,  one  hundred  thirty- 
nine  from  lot  131,  one  hundred  fourteen  from  lot  114,  one,  hundred  thirty 
from  lot  116,  fifty-four  from  lot  117,  five  hundred  eight  from  lot  134  and 
mosquitoes  from  lots  101,  103,  104,  110,  and  111  were  killed  and  combined. 
The  2,010  infected  A.  asgypti  were  ground  up  in  10  cubic  centimeters  of 
0.85  per  cent  salt  solution  containing  16  per  cent  phenol  and  0.4  per  cent 
formalin  and  stored  in  a  sterile  glass-stoppered  bottle.  Ten  cubic  centi- 
meters of  sterile  0.85  per  cent  salt  solution  was  added  December  22. 
December  30  an  additional  20  cubic  centimeters  of  gterile  0.85  per  cent 
salt  solution  was  added.  The  suspension  was  then  centrifuged  and  37 
cubic  centimeters  of  clear  supernatant  fluid  was  obtained.  When  used 
later  it  failed  to  immunize  A.V.  83-R  and  A.V.  84-C. 

Lot  131  Aedes  aegypti. 

Infection  of  mosquitoes, — December  4,  1929,  5  p.  m.,  one  hundred  forty- 
three  normal  A.  segypti  fed  on  A.V.  60-S  during  the  first  day  of  dengue 
and  were  designated  lot  131. 

Experimental  use. —  (1)  December  20,  1929,  a.  m.,  mosquitoes  of  this 
lot  were  used  in  the  preparation  of  a  vaccine.     See  lot  130. 

Lot  132.  See  record  of  Culex  quinquefasciatus. 
Lot  133.  See  record  of  Culex  quinquefasciatus. 
Lot  134  Aedes  aegypti. 

Infection  of  mosquitoes. — December  5,  1929,  a.  m.,  six  hundred  ninety- 
seven  normal  A.  mgypti  fed,  through  a  piece  of  chicken  skin,  on  defibrinated 
blood  drawn  from  A.V.  60-S  during  the  first  day  of  dengue  and  were 
designated  lot  134. 

Experimental  v^e. —  (1)  December  20,  1929,  a.  m.,  the  mosquitoes  of 
this  lot  were  used  in  preparing  a  vaccine.     See  lot  130. 

Lot  135  Aedes  aegypti. 

Infection  of  mosquitoes. — December  13,  1929,  9.30  a.  m.,  three  hun- 
dred fifty-six  normal  A.  aegypti  fed  on  A.V.  61--J  during  the  first  day  of 
dengue  and  were  designated  lot  135. 

Experimental  v^e. —  (1)  December  31,  1929,  a.  m.,  one  hundred  mos- 
quitoes from  this  lot  were  ground  up  and  desiccated,  but  were  not  used 
subsequently.  (2)  January  27,  1930,  10  a.  m.,  forty-six  fed  on  A.V. 
74-L,  resulting  in  dengue  during  the  afternoon  of  February  1,  1930. 
(3  to  6)  February  3,  1930,  11  a.  m.,  eight  fed  on  A.V.  24~H,  eight  fed 
on  A.V.  38-H,  ten  fed  on  A.V.  39-M,  and  ten  fed  on  A.  V.  13-W.  These 
tests  were  made  in  order  to  determine  whether  the  immunity  to  dengue, 
derived  from  a  former  attack,  still  persisted.  None  of  these  volunteers 
developed  dengue.  (7  to  10)  February  4,  1930,  11  a.  m.,  nineteen  fed  on 
A.V.  30-L,  fourteen  fed  on  A.V.  33-B,  eight  fed  on  A.V.  29^,  and  nine 
fed  on  A.V.  2-M.  These  were  immunity  tests.  None  of  the  volunteers 
developed  dengue.  (11)  February  28,  1930,  11  a.  m.,  seven  fed  on  guinea 
pig  14,  but  did  not  cause  dengue.  See  lot  175.  (12)  March  3,  1930,  a.  m., 
mosquitoes  of  this  lot  were  used  in  feeding  lot  179. 


APPENDIX  279 

Lot  136  Aedes  aegypti. 

Infection  of  mosquitoes, — December  16  to  18,  1929,  a.  m ,  thirty,  thirty, 
and  twenty-six  normal  A,  segypti  fed  on  M,  fuscatus  5,  on  the  fourth,  fifth 
and  sixth  days  after  that  monkey  had  been  bitten  by  eighty-four  mos- 
quitoes of  lot  110.  These  mosquitoes  were  combined  and  designated  lot 
136. 

Experimental  use, —  (1)  January  13,  1930,  9.30  a.  m.,  seventy  fed  on 
A.V.  69-K,  but  did  not  cause  dengue.  A.V.  69-K  was  infected  later  by 
lot  128. 

Lot  137  Aedes  aegypti. 

Infection  of  mosgmioes.— December  16,  1929,  9.30  a.  m.,  three  hundred 
fifty  normal  ^4.  segypti  fed  on  A.V.  66-W  during  the  first  day  of  dengue 
and  were  designated  lot  137. 

Experimental  use, —  (1)  January  27,  1930,  10  a.  m.,  eighty-nine  fed  on 
A.V.  67-M,  resulting  in  the  onset  of  dengue  during  the  afternoon  of 
February  1,  1930.  (2)  February  1,  1930,  11  a.  m.,  sixty-one  fed  on  A.V. 
76-M,  resulting  in  dengue  at  noon  February  7,  1930.  (3  to  5)  Feb- 
ruary 5,  1930,  11.15  a.  m.,  eight  fed  on  A.V.  4-Y,  fifteen  fed  on  A.VJ 
3-A,  and  nine  fed  on  A.V.  36-V.  Immunity  tests,  none  came  down  with 
dengue.  (6)  February  6,  1930,  9  a.  m.,  seven  fed  on  A.V.  70-S,  resulting 
in  the  onset  of  dengue  during  the  afternoon  of  February  11,  1930.  (7) 
February  6,  1930,  9  a.  m.,  six  fed  on  A.V.  71-W,  resulting  in  dengue 
during  the  afternoon  of  February  12,  1930.  (8)  and  (9)  February  11, 
1930,  10.30  a.  m.,  the  following  immunity  tests  were  started.  Fourteen 
fed  on  A.V.  32-W,  and  nine  fed  on  A.V.  34-S.  Neither  of  these  developed 
dengue.  (10)  February  24,  1930,  10.30  a.  m.,  twenty-one  fed  on  A.V. 
84-C,  resulting  in  the  onset  of  dengue  during  the  afternoon  of  February 
28,  1930.  (11)  March  3,  1930,  a.  m.,  mosquitoes  of  this  lot  were  used  in 
feeding  lot  179. 

Lot  138  Aedes  aegypti. 

Infection  of  mosquitoes. — December  17,  1929,  10  a.  m.,  three  hundred 
forty-eight  normal  A,  segypti  fed  on  A.V.  64-C  during  the  first  day  of 
dengue  and  were  designated  lot  138. 

Experimental  use, —  (1)  February  3,  1930,  9.30  a.  m.,  sixty  fed  on  A.V. 
75-P,  resulting  in  the  onset  of  dengue  during  the  afternoon  of  February 
8,  1930.  (2)  February  12,  1930,  9.30  a.  m.,  twenty-six  fed  on  A.  V.  78-0, 
resulting  in  the  onset  of  dengue  during  the  afternoon  of  February  16, 
1930.  (3)  March  3,  1930,  a.  m.,  mosquitoes  of  this  lot  were  used  in 
feeding  lot  179. 

Lot  139  Aedes  aegypti. 

Infection  of  mosquitoes. — December  17,  1930,  10  a.  m.,  three  hundred 
seventy  normal  A.  segypti  fed  on  A.V.  65-F  during  the  first  day  of  dengue 
and  were  designated  lot  139. 

Experimental  v^e, —  (1)  January  27,  1930,  10  a.  m.,  one  hundred  ten 
fed  on  A.V.  68-J,  resulting  in  the  onset  of  dengue  fever  during  the  after- 
noon of  February  1,  1930.  (2)  March  3,  1930,  a.  m.,  mosquitoes  of  this 
lot  were  used  in  feeding  lot  179. 
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Lot  140  Aedes  aegypti. 

Infection  of  mosquitoes. — December  17,  1929,  a.  m.,  seventy-five  normal 
A,  aegypti  fed,  through  a  piece  of  chicken  skin,  on  equal  parts  of  normal 
blood  and  of  a  48-hour  transplant  of  a  culture  started  December  2,  1929, 
by  inoculating  0.1  cubic  centimeter  of  blood,  drawn  from  A.V.  62-H  during 
the  first  day  of  dengue,  into  a  medium  consisting  of  equal  parts  of  hydrocele 
fluid  and  beef-infusion  broth.     These  mosquitoes  were  designated  lot  140. 

Experimental  use. —  (1)  January  13,  1930,  9.30  a.  m.,  fifty  fed  on  A.V. 
67-M,  but  did  not  cause  dengue;  A.V.  67-M  was  later  infected  by  lot 
137.  (2)  January  24,  1930,  10  a.  m.,  thirty-four  fed  on  A.V.  77-E,  but 
did  not  cause  dengue;  A.V.  77-E  was  later  infected  by  lot  162. 

Lot  141  Aedes  aegypti. 

Infection  of  mosquitoes. — December  17,  1929,  a.  m.,  sixty  normal  A. 
aegypti  fed  as  in  lot  140  except  surface  of  the  medium  was  covered  with 
a  layer  of  petrolatum,  and  were  designated  lot  141. 

Experimental  use. —  (1)  January  13,  1930,  9.30  a.  m.,  thirty  fed  on 
A.V.  67-M,  but  did  not  cause  dengue.  A.V.  67-M  was  infected  later  by 
lot  137.  (2)  January  24,  1930,  10  a.  m.,  twenty-one  fed  on  A.V.  78-0, 
but  did  not  cause  dengue.     A.V.  78-0  was  infected  later  by  lot  138. 

Lot  142  Aedes  aegypti. 

Infection  of  mosquitoes. — December  17,  1929,  a.  m.,  one  hundred  ten 
normal  A.  aegypti  fed  under  same  conditions  as  mosquitoes  of  lot  140,  ex- 
cept medium  used  was  Locke-egg-serum  amoeba  medium. 

Experimental  use. —  (1)  January  13,  1930,  9.30  a.  m.,  ninety  fed  on 
A.V.  71-W,  but  did  not  cause  dengue.  (2)  January  27,  1930,  10  a.  m., 
seventy  fed  on  A.V.  71— W,  but  did  not  cause  dengue.  AV.  71-W  was 
infected  later  by  lot  137. 

Lot  143  Aedes  aegypti. 

Infection  of  mosquitoes. — December  17,  1929,  9  a.  m.,  ninety-three  normal 
A.  aegypti  fed,  through  a  piece  of  chicken  skin,  on  spinal  fluid  from  M. 
fuscatus  5  mixed  with  an  equal  amount  of  normal  guinea-pig  blood.  The 
mosquitoes  feeding  on  this  monkey  were  designated  lot  143,  but  were  not 
used  subsequently. 

Lot  144  Aedes  aegypti. 

Infection  of  mosquitoes. — December  18,  1929,  9  a.  m.,  one  hundred  forty 
normal  A.  aegypti  fed,  through  a  piece  of  chicken  skin,  on  thirty-eight 
Culex  guinquefasciatus  of  lot  133,  macerated  in  2.5  cubic  centimeters  of 
blood,  and  were  designated  lot  144. 

Experimental  use. —  (1)  January  22,  1930,  8.30  a.  m.,  sixty-three  fed 
on  A.V.  75-P,  but  did  not  cause  dengue.  AV.  75-P  was  infected  later 
by  lot  138. 

Lot  145  Aedes  aegypti. 

Infection  of  mosquitoes. — December  19,  1929,  a.  m.,  ninety-nine  normal 
female  A.  aegypti  were  placed  in  a  cage  containing  one  hundred  six  male 
A.  aegypti  of  lots  123  and  124.  All  ninety-nine  females  copulated  at  least 
once  and  were  designated  lot  145. 

Experimental  u^e. —  (1)  January  13,  1930,  9.30  a.  m.,  sixty-nine  fed  on 
A.V.  72-E  but  did  not  cause  dengue.     (2)    January  27,   1930,   10  a.  m.. 
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sixty-five  mosquitoes  of  this  lot  and  mosquitoes  of  lots  125  and  126  fed 
on  A.V.  72-E,  resulting  in  the  onset  of  dengue  during  the  afternoon  of 
January  31,  1930.  (3)  February  3,  1930,  9.30  a.  m.,  twenty-seven  fed  on 
A.V.  78-0,  but  did  not  cause  dengue.  A.V.  78-0  was  infected  later  by 
lot  138.  (4)  February  8,  1930,  11  a.  m.,  thirty-one  fed  on  A.V.  77-E, 
but  did  not  cause  dengue.     A.V.  77-E  was  infected  later  by  lot  162. 

Lot  146  Aedes  aegypti. 

Infection  of  mosquitoes. — December  19,  1929,  a.  m.,  one  hundred  sixty- 
five  normal  A.  aegypti  fed,  through  a  piece  of  chicken  skin,  on  one  hundred 
six  mosquitoes  of  lots  123  and  124,  macerated  in  3  cubic  centimeters  of 
guinea-pig  blood  and  were   designated  lot   146. 

Experimental  use. —  (1)  January  13,  1930,  9.30  a.  m.,  ninety-six  fed  on 
A.V.  70-S,  but  did  not  cause  dengue.  (2)  January  27,  1930,  10  a.  m., 
forty-three  fed  on  A.V.  70-S,  but  did  not  cause  dengue.  A.V.  70-S  was 
infected  later  by  lot  137. 

Lot  147  Aedes  aegypti. 

Infection  of  mosquitoes. — December  23,  1929,  a.  m.,  one  hundred  thirty- 
eight  normal  A.  aegypti  designated  lot  147  fed,  through  a  piece  of  chicken 
skin,  upon  equal  parts  of  normal  guinea-pig  blood  and  of  culture  in  brain- 
infusion  broth.  These  cultures  were  started  December  4,  1929,  by  inoc- 
ulating tubes  of  media  with  0.1  cubic  centimeter  amounts  of  defibrinated 
blood  drawn  from  A.V.  62-H  during  the  first  day  of  dengue. 

Experimental  use. — See  lot  153. 

Lot  148  Aedes  aegypti. 

Infection  of  mosquitoes. — December  23,  1929,  a.  m.,  one  hundred  thirty 
normal  A.  segypti  fed  under  the  same  conditions  as  mosquitoes  of  lot  147, 
except  the  surface  of  the  medium  had  been  covered  with  a  stratum  of 
petrolatum.     These  mosquitoes  were  designated  lot  148. 

Experimental  use. — See  lot  154. 

Lot  149  Aedes  aegypti. 

Infection  of  mosquitoes. — December  23,  1929,  a.  m.,  one  hundred  three 
normal  A.  segypti  fed  under  the  same  conditions  as  lot  147,  except  the 
medium  used  was  "spleen  broth."  These  mosquitoes  were  designated  lot 
149. 

Experimental  use. — See  lot  153. 

Lot  150  Aedes  aegypti. 

Infection  of  mosquitoes. — December  23,  1930,  a.  m.,  one  hundred  forty 
normal  A.  aegypti  fed  under  the  same  conditions  as  lot  149,  except  that 
the  surface  of  medium  was  covered  by  a  layer  of  petrolatum.  These  mos- 
quitoes were  designated  lot  150. 

Expeirimental  use. — See  lot  154. 

Lot  151  Aedes  aegypti. 

Infection  of  mosquitoes. — December  23,  1923,  a.  m.,  sixty  normal  A. 
segypti  fed  under  the  same  conditions  as  lot  147,  except  culture  medium 
used  was  *'heart  broth."     These  mosquitoes  were  designated  lot  151. 

Experimental  use, — See  lot  153, 
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Lot  152  Aedes  aegypti. 

Infection  of  mosquitoes. — One  hundred  fifty  normal  A.  segypti  fed  under 
the  same  conditions  as  lot  151,  except  that  the  surface  of  the  medium  was 
covered  with  petrolatum.     These  mosquitoes  were  designated  lot  152. 

Experimental  itse. — See  lot  154. 

Lot  153  Aedes  aegypti. 

Infection  of  mosquitoes, — December  23,  1929,  a.  m.,  one  hundred  thirty- 
eight  normal  A.  segypti  fed  under  the  same  conditions  as  lot  147,  except 
that  the  culture  medium  used  was  *'bone-marrow  broth."  These  mos- 
quitoes were  designated  lot  153. 

Experimental  use, —  (1)  January  13,  1930,  9.30  a.  m.,  ninety-three  mos- 
quitoes of  lot  147,  ninety-eight  of  lot  149,  eighteen  of  lot  151,  and  one 
hundred  two  of  this  lot  fed  on  A.V.  71-W,  but  did  not  cause  dengue. 
(2)  January  27,  1930,  eighty-five,  seventy-five,  twelve,  and  one  hundred  six- 
teen mosquitoes  of  these  lots  again  fed  on  A.V.  71~W  but  did  not  cause 
dengue.     A.V.  71-W  was  infected  later  by  lot  137. 

Lot  154  Aedes  aegypti. 

Infection  of  mosquitoes, — December  23,  1929,  a.  m.,  ninety-six  normal 
A,  segypti  fed  under  the  same  conditions  as  lot  153,  except  that  the  surface 
of  the  medium  used  had  been  covered  by  a  stratum  of  liquid  petrolatum. 
These  mosquitoes  were  designated  lot  154. 

Experimental  use, —  (1)  January  13,  1930,  9.30  a.  m.,  eighty-one  mos- 
quitoes of  lot  148,  one  hundred  twelve  of  lot  150,  ninety-five  of  lot  152, 
and  eighty-seven  of  lot  154  fed  on  A.V.  68--J,  but  did  not  cause  dengue. 
A.V.  68-J  was  infected  later  by  lot  139. 

Lot  155  Aedes  aegypti. 

Infection  of  mosquitoes, — December  16,  1930,  a.  m.,  cultures  were  started 
by  inoculating  tubes  of  lymph-gland-extract,  and  bone  medium  with  0.1 
cubic  centimeter  of  blood  drawn  from  A.V.  66-W  during  the  first  day 
of  dengue.  Transplants  of  0.1  cubic  centimeter  of  material  were  made 
every  forty-eight  hours.  January  15,  1930,  a.  m.,  one  hundred  fifty-five 
normal  A.  segypti  fed,  through  a  piece  of  chicken  skin,  on  equal  parts  of 
defibrinated  normal  blood  and  of  this  culture  material.  These  mosquitoes 
were  designated  lot  155. 

Experimental  v^e, —  (1)  February  15,  1930,  10.30  a.  m.,  twelve  fed  on 
A.V.  79^H,  but  did  not  cause  dengue.  A.V.  79-H  was  later  infected  by 
lot  160. 

Lot  156  Aedes  aegypti. 

Infection  of  mosquitoes, — Macacus  philippinensis  30  was  bitten  Jan- 
uary 16,  1930,  by  thirty-two  dengue-infected  A,  albopictu^  of  lot  128. 
From  January  20  to  24,  1930,  on  the  fourth  to  the  eighth  day  following 
this  feeding,  twenty-five,  twenty-nine,  thirty,  twenty-five,  and  twenty- 
seven  normal  A,  segypti  fed,  respectively.  The  one  hundred  thirty-six 
mosquitoes  obtained  were  combined  and  designated  lot  156. 

Experimental  use,—  (l)  February  15,  1930,  10.30  a.  m.,  seventy-three 
fed  on  A.V.  80~L,  resulting  in  the  onset  of  dengue  at  noon  February  21, 
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1930.  (2)  February  24,  1930,  9.30  a.  m.,  thirty-one  fed  on  M.  philip- 
pinensis  32.  Lot  172,  which  fed  on  this  monkey  on  the  fourth  to  the 
eighth  day  following  this  infective  feeding,  failed  to  transmit  dengue. 

Lot  157  Aedes  segypti. 

Infection  of  mosquitoes. — Macacus  philippinensis  31  was  bitten  January 
16,  1930  by  thirty-five  mosquitoes  of  lot  128.  January  20  to  24,  1930,  on 
the  fourth  to  the  eighth  day  following  this  infective  feeding,  twenty-seven, 
thirty,  twenty-six,  twenty-nine,  and  thirty-one  normal  A.  sagypti  fed, 
respectively.  The  one  hundred  forty-three  mosquitoes  were  combined  and 
designated  lot  157. 

Experimental  use, —  (1)  February  15,  1930,  10.30  a.  m.,  eighty-seven  fed 
on  A.V.  81-G,  resulting  in  the  onset  of  dengue  fever  at  noon  February 
20,  1930. 

Lot  158  Aedes  aegypti. 

Infection  of  mosquitoes, — January  22,  1930,  10  a.  m.,  one  hundred  fifty 
normal  A,  segypti  fed  on  A.V.  67-M  and  were  designated  lot  158.  The 
lot  was  discarded,  since  A.V.  67-M  did  not  have  dengue  at  the  time  of 
this  feeding. 

Lot  159  Aedes  aegypti. 

Infection  of  mosquitoes, — February  1,  1930,  11  a.  m.,  ninety-four  normal 
A,  segypti  fed  on  A.V.  72-E  during  the  first  day  of  dengue  and  were 
designated  lot  159. 

Experimental  use, —  (1)  March  22,  1930,  11  a.  m.,  three  fed  on  A.V. 
87-R.  Dengue  developed  during  the  afternoon  of  March  23,  1930,  as  a 
result  of  the  injection,  March  14,  of  the  filtrate  of  mosquitoes  of  lots 
167  and  168. 

Lot  160.    See  record  of  Aedes  albopictus. 
Lot  161  Aedes  aegypti. 

Infection  of  mosquitoes, — February  2,  1930,  9.30  a.  m.,  one  hundred 
sixty-one  normal  A.  segypti  fed  on  A.V.  69-K  during  the  first  day  of 
dengue  and  were  designated  lot  161. 

Experimental  use, — March  15,  1930,  10  a.  m.,  fourteen  fed  on  A.V. 
14-A,  but  did  not  cause  dengue.     This  was  an  immunity  test. 

Lot  162  AMes  aegypti. 

Infection  of  mosquitoes, — February  2,  1930,  9.30  a.  m.,  three  hundred 
nineteen  normal  A,  segypti  fed  on  A.V.  67-M  during  the  first  day  of  dengue 
and  were  designated  lot  162. 

Experimental  use, —  (1)  February  17,  1930,  10  a.  m.,  eighty-seven  fed 
on  A.V.  77-E,  resulting  in  the  onset  of  dengue  during  the  afternoon  of 
February  21,  1930.  (2)  March  3,  1930,  a.  m.,  sixty-nine  mosquitoes  from 
this  lot,  nine  from  lot  135,  seven  from  lot  137,  five  from  lot  138,  and  ten 
from  lot  139  were  killed,  desiccated,  and  stored  at  18°  C.  until  March  7, 
1930,  when  the  desiccated  mass  was  powdered,  mixed  with  2  cubic  centi- 
meters of  normal  defibrinated  blood,  and  placed  in  a  feeding  cell.  One 
hundred  twenty-four  normal  A,  segypti  fed  and  were  designated  lot  179. 
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Lot  163  Aedes  aegypti. 

Infection  of  mosquitoes. — February  2,  1930,  9.30  a.  m.,  two  hundred 
fifty-seven  normal  A.  segypti  fed  on  A.V.  68-J  during  the  first  day  of 
dengue  and  were  designated  lot  163.      This  lot  was  not  used  subsequently. 

Lot  164  Aedes  aegypti. 

Infection  of  mosquitoes, — February  2,  1930,  9.30  a.  m.,  two  hundred 
eighteen  normal  A.  segypti  fed  on  A.V.  74-L  during  the  first  day  of  dengue 
and  were  designated  lot  164. 

Experimental  use. —  (1)  March  3,  1930,  a.  m.,  one  hundred  mosquitoes 
#ere  ground  up,  desiccated,  and  stored  at  18°  C.  They  were  used  March 
7,  1930,  in  feeding  lot  180.  (2)  March  26,  1930,  8.30  a.  m.,  five  fed  on 
A;V.  85-T,  resulting  in  the  onset  of  dengue  during  the  afternoon  of  April 
1,  1930. 

Lot  165  Aedes  aegypti. 

Infection  of  mosquitoes. — February  8,  1930,  11  a.  m.,  three  himdred 
ninety-three  normal  A.  segypti  fed  on  A.V.  76-M,  during  the  first  day  of 
dengue  and  were  designated  lot  165. 

Experimental  use. —  (1)  March  5,  1930  a.  m.,  one  hundred  mosquitoes  of 
this  lot  were  used  in  feeding  lot  177.  (2)  ^March  19,  1930,  a.  m.,  twelve 
fed  on  guinea  pig  15.  This  guinea  pig  was  about  six  weeks  old  and  had 
been  kept  in  a  mosquito-proof  cage  since  its  birth.  Dengue  did  not 
develop  since  lot  187,  which  was  from  pig  15  on  the  fifth  to  eighth  day 
following  this  feeding,  failed  to  transmit  dengue.  (3)  March  26,  1930, 
8.30  a.  m.,  twenty-three  fed  on  A.V.  86-B,  resulting  in  the  onset  of  dengue 
during  the  afternoon  of  March  31,  1930. 

Lot  166  Aedes  aegypti. 

Infection  of  mosquitoes. — February  12,  1930,  9.30  a.  m.,  four  hundred 
three  normal  A.  segypti  fed  on  A.V.  70-S  during  the  first  day  of  dengue 
and  were   designated  lot   166. 

Experimental  use. —  (1)  March  15,  1930,  10  a.  m.,  eleven  fed  on  A.V. 
20-B,  but  did  not  cause  dengue.     This  was  an  immunity  test. 

Lot  167  Aedes  aegypti. 

Infection  of  mosquitoes. — February  13,  1930,  9.30  a.  m.,  three  hundred 
seventy-one  normal  A.  segypti  fed  on  A.V.  71-W  during  the  first  day  of 
dengue  and  were  designated  lot  167. 

Experimental  use. —  (1)  March  4,  1930,  8.30  a.  m.,  one  hundred  eight 
fed  on  A.V.  82-F,  resulting  in  the  onset  of  dengue  during  the  afternoon 
of  March  8,  1930.  (2)  March  4,  1930,  a.  m.,  the  one  hundred  eight  blood- 
filled  mosquitoes  obtained  in  experiment  (1)  above  were  placed  in  a  cage 
containing  one  hundred  fifty  normal  A.  s&gypti  designated  lot  176,  in  an 
attempt  to  transmit  dengue  by  copulation.  The  lots  were  again  separated 
on  March  20,  1930.  (3)  March  14,  1930,  a.  m.,  sixty-nine  mosquitoes  of 
this  lot  and  thirty-one  of  lot  168  were  macerated  in  8  cubic  centimeters 
of  sterile  0.85  per  cent  salt  solution,  filtered  through  a  Berkefeld  "V' 
filter  (our  No.  19),  and  1  cubic  centimeter  of  the  filtrate  was  injected 
subcutaneously  into   A.V.   87-R,   resulting  in   the   onset   of   dengue   fever 
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during  the  afternoon  of  March  23,  1930.      (4)    March  15,  1930,  10  a.  m., 
ten  fed  on  A.V.  25-D,  but  did  not  cause  dengue.     This  was  an  immunity 

test. 

Lot  168  Aede^  aegypti. 

Infection  of  mosgm^oes.— February  17,  1930,  10  a.  m.,  three  hundred 
eighty-eight  normal  A.  aegypti  fed  on  A.V.  78-0  during  the  first  day  of 
dengue  and  were  designated  lot  168. 

Experimental  use. —  (1)  March  5,  1930,  a.  m.,  one  hundred  mosquitoes 
from  this  lot  were  macerated  in  1  cubic  centimeter  of  0.85  per  cent 
salt  solution  and  2  cubic  centimeters  of  defibrinated  normal  blood  and 
placed  in  a  feeding  cell.  Sixty-five  normal  A.  asgypti  fed  and  became 
lot  178.  (2)  JVEarch  7,  1930  a.  m.,  one  hundred  mosquitoes  from  this  lot 
were  used  in  feeding  lot  181.  (3)  March  8,  1930,  10  a.  m.,  eleven  fed 
on  A.V.  83-R,  resulting  in  the  onset  of  dengue  during  the  morning  of 
March  13,  1930.  (4)  One  hundred  mosquitoes  of  this  lot  were  placed  in 
a  cage  containing  one  hundred  thirty  normal  A.  albopictus,  designated 
lot  182,  in  an  attempt  to  transmit  dengue  from  mosquito  to  mosquito 
through  food  accidentally  contaminated  with  dengue  virus.  Each  day 
this  combined  lot  was  given  a  small  dish  of  sugar  solution  as  food.  The 
two  lots  were  separated  March  21,  1930.  (5)  Thirty-one  mosquitoes  of 
this  lot  and  sixty-nine  of  lot  167  were  used  as  a  Berkefeld  "V*^  filtrate 
to  infect  A.V.  87-R.     See  lot  167   (3). 

Lot  169  Aedes  aegypti. 

Infection  of  mosquitoes. — February  21,  1930,  11  a.  m.,  three  hundred 
eighty  normal  A.  segypti  fed  on  A.V.  81-G  during  the  first  day  of  dengue 
and  were   designated  lot  169. 

Experimental  use. —  (1)  March  31,  1930,  10  a.  m.,  twenty-six  fed  on 
A.V.  58-S,  but  did  not  cause  dengue.     This  was  an  immunity  test. 

Lot  170.     See  record  of  Culex  quinquefasciatus. 
Lot  171  Aedes  aegypti. 

Infection  of  mosquitoes. — February  22,  1930,  10  a.  m.,  one  hundred 
thirty  normal  A.  segypti  fed  on  A.V.  80-L  during  the  first  day  of  dengue 
and  were  designated  lot  171. 

Experimental  use. —  (1)  March  31,  1930,  10  a.  m.,  fifteen  fed  on  A.V. 
89-S,  resulting  in  the  onset  of  dengue  the  afternoon  of  April  5,  1930. 

Lot  172  Aedes  aegypti. 

Infection  of  mosquitoes. — ^February  24,  1930,  a.  m.,  thirty-one  infected 
A.  segypti  of  lot  156  fed  on  M.  philippinensis  32.  iFebruary  28  to  March 
4,  1930,  on  the  fourth  to  the  eighth  day,  inclusive,  following  this  potentially 
infective  feeding,  twenty-seven,  thirty-three,  thirty-three,  twenty-six,  and 
twenty-nine  normal  A.  aegypti  fed,  respectively.  The  one  hundred  forty- 
eight  mosquitoes  were   combined  and  designated  lot  172. 

Experimental  use. —  (1)  March  22,  1930,  11  a.  m.,  seventy-six  fed  on 
A.V.  90-A,  but  did  not  cause  dengue.  A.V.  90-A  was  infected  later  by 
lot   183. 


286  APPENDIX 

iiOt  173  Aedes  aegypti. 

Infection  of  mosquitoes, — March  2,  1930,  10  a.  m.,  one  hundred  forty 
normal  A,  segypti  fed  on  A.V.  79-H  during*  the  first  day  of  dengue  and 
were   designated  lot   173. 

Experimental  use, —  (1)  March  31,  1930,  10  a.  m.,  twenty-two  fed  on 
A.V.  59-W,  resulting  in  the  onset  of  dengue  during  the  afternoon  of  April 
3,  1930. 

Lot  174  Aedes  aegypti. 

Infection  of  mosquitoes. — March  2,  1930,  10  a.  m.,  one  hundred  fifty- 
eight  normal  A,  segypti  fed  on  A.V.  84-C  during  the  second  day  of  dengue 
and  were  designated  lot  174. 

Experimental  use. —  (1)  March  28,  1930,  9  a.  m.,  twenty-two  fed  on 
A.V.  63-B,  but  did  not  cause  dengue.  This  was  an  immunity  test.  (2) 
March  31,  1930,  9  a.  m.,  fifteen  fed  on  A.V.  26-T,  but  did  not  cause  dengue. 
This  was  an  immunity  test.  (3)  April  1,  1930,  9.30  a.  m.,  twenty-one  fed 
on  A.V.  91-K,  resulting  in  the  onset  of  dengue  during  the  afternoon  of 
April  6,  1930. 

Lot  175  Aedes  aegypti. 

Infection  of  mosquitoes. — February  4,  1930,  a.  m.,  seven  dengue-infected 
A.  segypti  of  lot  135  fed  on  guinea  pig  14.  From  March  4  to  8,  1930,  on 
the  fourth  and  the  eighth  day,  respectively,  following  this  potential  in- 
fection, twenty-six,  twenty-two,  twenty-eight,  thirty-two,  and  twenty-six 
normal  A.  segypti  fed.  The  one  hundred  thirty-four  mosquitoes  were 
combined  and  designated  lot  175. 

Experimental  use. —  (1)  March  20,  1930,  11  a.  m.,  one  hundred  two  fed 
on  A.V.  89-S,  but  did  not  cause  dengue.  A.V.  89-S  was  later  infected 
by  lot  171. 

Lot  176  Aedes  aegypti. 

Infection  of  mosquitoes. — March  4,  1930,  a.  m.,  one  hundred  fifty  normal 
male  A,  segypti,  designated  lot  176,  were  placed  in  a  cage  containing  one 
hundred  infected  female  A.  segypti  of  lot  167.  Numerous  copulating  pairs 
were  seen  during  an  hour  of  observation.  March  20,  1930,  a.  m.,  the  two 
lots  were  separated.     Only  fifty-four  males  of  lot  176  remained  alive. 

Experimental  use. —  (1)  March  22,  1930,  a.  m.,  one  hundred  young  normal 
female  A.  segypti,  designated  lot  186,  were  placed  in  a  cage  with  the  males 
of  lot  176.  After  a  female  had  been  observed  to  copulate  at  least  once 
it  was  caught  in  a  test  tube  and  removed  from  the  cage.  After  all  had 
copulated  they  were  again  released  in  the  cage  containing  the  A.  segypti 
males  of  lot  176. 

Lot  177  Aedes  aegypti. 

Infection  of  mosquitoes — March  5,  1930,  a.  m.,  fifty-two  normal  A.  segypti 
fed,  through  a  piece  of  chicken  skin,  on  one  hundred  dengue-infected  mos- 
quitoes of  lot  165,  that  had  been  killed,  macerated  in  1  cubic  centimeter  of 
0.85  per  cent  salt  solution  and  2  cubic  centimeters  of  defibrinated  normal 
blood,  and  placed  in  a  feeding  cell.     These  were  designated  lot  177. 

Experimental  use. —  (1)  March  22,  1930,  11  a.  m.,  sixteen  fed  on  A.V. 
93-R,  but  did  not  cause  dengue.     A.V.  93-R  was  infected  later  by  lot  183. 
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(2)  March  26,  1930,  a.  m.,  nineteen  mosquitoes  of  this  lot  and  mosquitoes 
of  lots  178  and  181  were  used  to  feed  103  normal  A,  segypti  designated 
lot  191. 

Lot  178  Aedes  segypti. 

Infection  of  mosquitoes. — March  5,  1930,  a.  m.,  sixty-five  normal  A, 
segypti  fed,  through  a  piece  of  chicken  skin,  on  one  hundred  dengue-in- 
fected A,  segypti  of  lot  168,  ground  up,  suspended  in  1  cubic  centimeter  of 
0.85  per  cent  salt  solution,  and  2  cubic  centimeters  of  defibrinated  normal 
blood.     These  mosquitoes  were  designated  lot  178. 

Experimental  use. — (1)  March  14,  1930,  12  noon,  forty-four  fed  on  A.V. 
88-B,  but  failed  to  cause  dengue.  Virus  had  been  in  the  mosquitoes  only 
nine  days.  (2)  March  22,  1930,  11  a  m.,  dengue  virus  has  now  been  in 
the  mosquitoes  for  seventeen  days;  twenty-eight  mosquitoes  of  this  lot  and 
nineteen  of  lot  181  fed  on  A.V.  88-B,  resulting  in  the  onset  of  dengue 
during  the  afternoon  of  March  27,  1930.  (3)  March  26,  1930,  a.  m., 
thirty-five  mosquitoes  of  this  lot  and  mosquitoes  of  lots  177  and  181  were 
used  in  feeding  lot  191. 

Lot  179  Aedes  aegypti. 

Infection  of  mosquitoes. — March  3,  1930,  a.  m.,  nine  mosquitoes  of  lot 
135,  seven  of  lot  137,  seven  of  lot  138,  ten  of  lot  139,  and  sixty-nine  of  lot 
162  were  killed,  ground  up,  and  desiccated  in  an  ice  box  at  18°  C.  March  7, 
1930,  a.  m.,  these  dried  mosquitoes  were  powdered,  suspended  in  1  cubic 
centimeter  of  0.85  per  cent  salt  solution,  and  2  cubic  centimeters  of  defi- 
brinated blood  and  placed  in  a  feeding  cell.  One  hundred  twenty-four 
normal  A.  segypti  fed  and  were  designated  lot  179. 

Experimental  use. —  (1)  March  22  at  11  a.  m.,  four  fed  and  March 
24,  at  10.30  a.  m.,  twelve  fed  on  A.V.  91-K,  but  failed  to  cause  dengue. 
A.V.  91-K  was  infected  later  by  lot  174. 

Lot  180  Aedes  aegypti. 

Infection  of  mosquitoes. — March  3,  1930,  a.  m.,  one  hundred  mosquitoes 
of  lot  164  were  killed,  ground  up,  placed  in  tubes  over  calcium  chloride 
and  stored  in  an  ice  box  at  18°  C.  for  desiccation.  March  7,  1930,  a.  m., 
the  dried  mosquito  mass  was  powdered,  mixed  with  1  cubic  centimeter  of 
0.85  per  cent  salt  solution,  and  2  cubic  centimeters  of  defibrinated  normal 
blood,  and  placed  in  a  feeding  cell.  Sixty-seven  normal  A.  segypti  fed  and 
were  designated  lot  180. 

Experimental  use. — (1)  March  24,  1930,  10.30  a.  m.,  twelve  fed  on  A.V. 
91-K,  but  did  not  cause  dengue.  A.V.  91-K  was  infected  later  by  lot 
174. 

Lot  181  Aedes  aegypti. 

Infection  of  mosquitoes. — March  7,  1930,  a.  m.,  sixty-three  normal  A. 
segypti  fed,  through  a  piece  of  chicken  skin,  on  one  hundred  mosquitoes 
from  lot  168  ground  up  and  suspended  in  1  cubic  centimeter  of  0.85  per  cent 
salt  solution,  and  2  cubic  centimeters  of  defibrinated  normal  blood.  These 
mosquitoes  were  designated  lot  181. 

Experimental  use. —  (1)  March  14,  1930,  12  noon,  thirty-two  mosquitoes 
from  this  lot  and  forty-four  from  lot  178  fed  on  A.V.  88-B,  but  failed  to 
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cause  dengue.  (2)  March  22,  1930,  11  a.  m.,  nineteen  mosquitoes  from 
this  lot  and  twenty-eight  from  lot  178  fed  on  A.V.  88-B,  resulting  in  the 
onset  of  dengue  during  the  afternoon  of  March  27,  1930.  (3)  March  26, 
1930,  a.  m.,  twenty-six  mosquitoes  of  this  lot  and  mosquitoes  of  lots  177 
and  178  were  used  in  feeding  lot  191. 

Lots  182,  183,  and  184.     See  record  of  Aedes  albopictus. 
Lot  185.     See  record  of  Culex  quinquefasciatus. 
Lot  186  Aedes  aegypti. 

Infection  of  mosquitoes. — March  22,  1930,  one  hundred  normal  A.  segypti 
and  fifty-four  of  lot  176,  which  had  copulated  between  March  4  and  22, 
were  placed  in  the  same  cage.  Copulation  with  the  males  was  observed 
during  the  morning  of  March  22  of  all  the  one  hundred  female  mosquitoes. 
The  mosquitoes  were  not  separated. 

Experimental  use.—  (l)  April  22,  1930,  10.30  a.  m.,  F.V.  31-P  was 
bitten  by  twelve  of  this  lot.  This  volunteer  did  not  develop  dengue.  As 
he  was  a  lowland  native  it  is  probable  that  he  was  an  immune.  It  was 
not  possible  to  test  his  susceptibility.  (2)  April  29,  1930,  4  p.  m.,  A.V. 
97-Haynes  was  bitten  by  one  and  April  20,  11  a.  m.,  by  two  of  this  lot. 
Dengue  did  not  develop. 

Lot  187  Aedes  aegypti. 

Infection  of  mosquitoes. — March  24  to  27,  1930.  A  composite  lot  formed 
by  combining  the  mosquitoes  which  fed  on  guinea  pig  15-B  on  the  fifth, 
sixth,  seventh,  and  eighth  days  following  an  effort  to  infect  this  animal  by 
the  feeding  of  twelve  dengue-infected  A.  aegypti  of  lot  165,  March  19. 
Details:  March  24,  1930,  fed  32;  March  25,  1930,  fed  32;  March  26,  1930, 
fed  21;  March  27,  1930,  fed  20;  total,  105.  Note:  Guinea  pig  "B"  was 
born  and  raised  in  a  screened  cage;  it  was  15  days  old  when  the  dengue-in- 
fected mosquitoes  were  fed. 

Experimental  use. —  (1)  April  23,  10.30  a.  m.,  F.V.  34-R  was  bitten  by 
thirty-one  of  this  lot.  Dengue  did  not  develop.  Note:  This  volunteer  was 
a  lowland  native  residing  in  Baguio,  Philippine  Islands,  and  was  probably 
an  immune.  It  was  not  possible  to  subsequently  test  his  susceptibility  to 
dengue.  (2)  April  29,  4  p.  m.,  A.V.  98-R  was  bitten  by  four  and  April 
30  by  eight  of  this  lot.  Dengue  did  not  develop.  A.V.  98-R  was  sub- 
sequently proved  to  be  immune. 

Lot  188  Aedes  aegypti. 

Infection  of  m^osquitoes. — March  24  to  27,  1930.  A  composite  lot  formed 
by  combining  the  mosquitoes  which  fed  on  guinea  pig  16-C  on  the  fifth, 
sixth,  seventh,  and  eighth  days  following  an  effort  to  infect  this  animal  by 
the  feeding  of  ten  dengue-infected  A.  alhopictu^  lot  160  March  19,  1930. 
Details:  March  24,  1930,  fed  31;  March  25,  1930,  fed  34;  March  26,  1930, 
fed  20;  March  27,  1930,  fed  20.  Total,  105.  Note:  Guinea  pig  "C  was 
born  and  raised  in  a  screened  cage.  It  was  15  days  old  when  the  dengue- 
infected  mosquitoes  were  fed. 

Experimental  use, —  (1)  April  23,  10.30  a.  m.,  F.V.  30-M  was  bitten 
by  twenty-five  of  this  lot.  Dengue  did  not  develop.  As  this  Filipino  was 
a  lowland  native  residing  in  Baguio,  Philippine  Islands,  he  was  probably 
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an  immune.  It  was  not  possible  to  subsequently  test  his  susceptibility  to 
dengue.  (2)  April  29,  4  p.  m.,  A.V.  96-H  was  bitten  by  six  and  April  30 
by  twelve  of  this  lot.  Dengue  did  not  develop.  A.V.  96-H  was  infected 
later  by  lot  195. 

Lot  189  Aedes  aegypti. 

Infection  of  mosquitoes. — March  24,  1930,  10.30  a.  m.,  a  cage  of  two 
hundred  normal  mosquitoes  were  interrupted  in  their  feeding  on  A.V. 
87-R  during  the  first  day  of  dengue  fev6r. 

Experimental  use. —  (1)  March  24,  1930,  10.40  a.  m.,  lot  was  transferred 
to  A.V.  94-K.  Between  one  hundred  twenty-five  and  one  hundred  fifty  of 
the  partially  fed  mosquitoes  resumed  feeding  on  A.V.  94-K  and  completely 
filled  with  blood.  Dengue  developed  in  A.V.  94-K  March  3,  p.  m.,  or  after 
an  incubation  period  of  ten  days.  (2)  April  10,  12.30  p.  m.  In  order  to 
test  the  possible  infectivity  of  this  lot  seventeen  days  after  the  feeding  to 
infect,  seventy-three  completely  filled  with  the  blood  of  A.V.  92-C,  but  as 
this  volunteer  was  then  in  the  early  stages  of  dengue  fever  due  to  lot  182 
A,  segypti,  the  test  was  made  void. 

Lot  190  Aedes  aegypti. 

Infection  of  mosquitoes, — March  24,  1930,  10.30  a.  m.,  two  hundred 
ninety  fed  fully  on  A.V.  87-R  during  the  first  day  of  dengue  fever. 

Experimental  use. —  (1)  March  24,  one  hundred  of  this  lot  were  separated 
and  placed  in  a  refrigerator  in  which  a  temperature  of  18°  C.  was  main- 
tained. This  portion  was  designated  lot  190  (a).  The  remaining  number 
were  left  at  room  temperature  as  usual.  This  portion  was  designated  lot 
190  (6).  (2  to  8)  April  16,  1930,  11  a.  m.,  in  order  to  test  the  duration  of 
immunity  resulting  from  an  attack  of  dengue  fever  (experimentally  pro- 
duced) mosquitoes  of  lot  190  (6)  were  allowed  to  feed  on  the  following 
former  volunteers:  A.V.  55-S,  seven  fed;  A.V.  76-M,  six  fed;  A.V.  5&-K, 
nine  fed;  A.V.  54-K,  ten  fed;  A.V.  6-R,  ten  fed;  A.V.  75-P,  seven  fed; 
A.V.  46-L,  nine  fed.  These  men  had  been  previously  infected  by  lots 
A,  segypti  71,  137,  104,  Culex  97,  A.  aegypti  9,  A,  segypti  138,  and  A.  segypti 
52,  respectively.  (9  and  10)  April  23,  1930,  10.30  a.  m.,  fifty-five  of  lot 
190  {a)  fed  on  F.V.  32-A  and  sixty-two  of  lot  190  (6)  fed  on  F.V.  33-B. 
Dengue  did  not  follow.  Note;  As  these  Filipinos  were  lowland  natives, 
they  were  probably  immunes,  but  it  was  not  possible  to  prove  this  point 
subsequently.  (11)  May  17,  1930,  11  a.  m.,  six  mosquitoes  of  sublot  190 
(a),  which  had  been  stored  in  an  ice  box  at  18°  C.  from  March  24  to 
April  22  and  had  been  kept  at  room  temperature  from  April  22  to  May 
17,  fed  on  A.V.  95-D  and  resulted  in  the  onset  of  dengue  during  the  after- 
noon of  May  22,  1930. 

Lot  191  Aedes  SBgyptL 

Infection  of  mosgmtoes.— March  26,  1930,  10  a.  m.,  one  hundred  three 
normal  mosquitoes  fed  on  material  containing  dengue  virus  prepared  as 
follows:  nineteen  of  lot  177,  thirty-five  of  lot  178,  and  twenty-six  of  lot 
181,  a  total  of  eighty  dengue-infected  A.  aegypti,  were  macerated,  mixed 
with  2.4  cubic  centimeters  of  normal  defibrinated  blood,  and  fed  to  the 
normal  mosquitoes. 
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Experimental  use, — April  10,  1930,  seventy  of  this  lot  were  macerated, 
mixed  with  2.1  cubic  centimeters  of  normal  defibrinated  blood  and  2.1 
cubic  centimeters  of  ascitic  fluid,  and  f^d  to  one  hundred  forty  normal 
A,  segyptiy  which  were  designated  lot  205. 

Lots  192  and  193.     See  Aedes  albopictus. 
Lot  194  Aedes  aegypti. 

Infection  of  mosquitoes. — April  1,  1930,  9.30  a.  m.,  one  hundred  eighty- 
four  normal  mosquitoes  fed  fully  on  A.V.  86-B  during  the  first  day  of 
dengue.     Lot  was  never  used. 

Lot  195  Aedes  aegypti. 

Infection  of  mosquitoes. — April  2,  1930,  10  a.  m.,  three  hundred  sixty 
normal  A.  segypti  fed  fully  on  A.V.  85-T  during  the  first  day  of  dengue 
fever. 

Experimental  use. — In  order  to  test  the  duration  of  immunity  following 
a  single  attack  of  dengue  fever,  mosquitoes  of  this  lot  were  fed  on  former 
experimental  dengue-fever  cases  as  follows:  (1  and  2)  April  17  nine  fed 
on  A.V.  57-E  and  five  fed  on  A.V.  37-M.  April  23  (3)  eleven  fed  on  A.V. 
77-E.  April  25  (4)  fifteen  fed  on  A.V.  50-C;  (5)  five  fed  on  A.V.  53-C; 
(6)  seven  fed  on  A,V.  61-J;  and  (7)  seven  fed  on  A.V.  66-W.  April  28 
(8)  twelve  fed  on  A.V.  48-H,  and  (9)  eight  fed  on  A.V.  41-F.  None 
developed  fever.  (10)  May  17,  1930,  11  a.  m.,  four  fed  on  A.V.  96-H, 
resulting  in  the  onset  of  dengue  during  the  morning  of  May  24,  1930. 

Lot  196  Aedes  aegypti. 

Infection  of  mosquitoes. — April  3,  1930,  10  a.  m.,  one  hundred  thirty- 
two  normal  mosquitoes  fed  fully  on  A.V.  94-K  during  the  first  day  of 
dengue  fever. 

Experimental  use. — Not  used. 

Lot  197  Aedes  aegypti. 

Infection  of  Tmsquitoes. — April  7,  1930,  9.30  a.  m.,  two  hundred  eighty- 
three  normal  mosquitoes  fed  fully  on  A.V.  89-S  during  the  second  day 
of  dengue  fever. 

Experimental  use. — Not  used. 

Lot  198  Aedes  aegypti. 

Infection  of  mosquitoes. — April  7,  1930,  9.30  a.  m.,  one  hundred  fifty- 
six  normal  mosquitoes  fed  fully  on  A.V.  91-K  during  the  first  twenty- 
four  hours  of  dengue  fever. 

Experimental  use.-^(l)  May  17,  1930,  11  a.  m.,  ten  fed  on  A.V.  97-H, 
resulting  in  the  onset  of  dengue  during  the  afternoon  of  May  23,  1930. 

Lot  199.     See  Aedes  albopictus. 
Lot  200  Aedes  aegypti. 

Discarded. 

Lot  201  Aedes  aegypti. 

Infection  of  mosquitoes. — April  1,  1930,  one  hundred  ninety-three  normal 
mosquitoes  fed  on  a  mixture  of  equal  parts  of  normal  defibrinated  blood 
and  a  culture  of  dengue  blood  in  ascitic  fluid  broth  which  had  been  in- 
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oculated  nine  days  previously  with  0.1   cubic  centimeter   of  blood   from 
A.V.  86-B  during  the  first  day  of  dengue  fever. 
Experimental  use, — None. 

Lot  202  Aedes  asgypti. 

Infection  of  mosquitoes. — April  10,  1930,  one  hundred  sixty-seven  nor- 
mal mosquitoes  fed  on  a  mixture  of  equal  parts  of  normal  defibrinated 
human  blood  and  a  culture  of  dengue  blood  in  ascitic  fluid  broth.  Note: 
0.1  cubic  centimeter  of  blood  from  A.V.  86-B  obtained  during  the  first 
day  of  dengue  fever,  was  inoculated  into  the  medium  and  0.1  cubic  centi- 
meter subinocula  were  made  daily  for  a  period  of  ten  day's. 

Experimental  use, — April  29,  1930,  9.30  a.  m.,  twenty  of  this  lot  and 
twenty  each  of  lots  204,  208,  209,  210,  211,  212,  and  213  were  placed  in 
a  separate  cage,  and  one  hundred  twenty-eight  of  these  fed  fully  on  A.V. 
95-D.    Dengue  did  not  develop.     A.V.  95-D  was  infected  later  by  lot  190. 

Lot  203  Aedes  ssgypti. 

Infection  of  mosquitoes. — Same  as  lot  201,  except  that  the  medium  was 
covered  with  petrolatum. 
Experimental  use. — None. 

Lot  204  Aedes  aegypti. 

Infection  of  mosquitoes. — April  10,  1930,  one  hundred  thirty-one  normal 
mosquitoes  fed  according  to  the  technic  noted  under  lot  202.  The  medium 
used  was  the  same,  but  it  was  covered  with  petrolatum. 

Experimental  use. — See  lot  202. 

Lot  205  Aedes  aegypti. 

Infection  of  mosquitoes. — April  10,  1930,  one  hundred  forty  normal 
mosquitoes  fed  through  a  chicken  skin  on  material  containing  seventy  A, 
mgypti  of  lot  191,  macerated  and  suspended  in  2.1  cubic  centimeters  of 
normal  blood  and  2.1  cubic  centimeters  of  equal  parts  of  ascitic  fluid  and 
beef-infusion  broth. 

Experimental  use. — Lot  was  never  used. 

Lot  206  Aedes  aegypti. 

Infection  of  mosquitoes. — April  11,  1930,  10.  a.  m.,  one  hundred  seven 
normal  mosquitoes  fed  fully  on  A.V.  93-R  during  the  first  twenty-four 
hours  of  dengue  fever. 

Experimental  u^e. — Lot  was  never  used. 

Lot  207.     See  Aedes  albopictus. 
Lot  208  Aedes  aegypti. 

Infection  of  mosquitoes. — April  11,  1930,  one  hundred  sixty  normal  mos- 
quitoes fed  fully  by  the  technic  noted  under  lot  202.  The  medium  used 
was  the  same,  but  transplants  were  made  every  other  day  during  a  ten- 
day  period. 

Experimental  use. — See  Lot  202. 

Lot  209  Aedes  aegypti. 

Infection  of  mosquitoes. — April  11,  1930,  one  hundred  thirty-four  normal 
mosquitoes  fed  fully  by  the  technic  noted  under  lot  202.     The  medium  usedl 
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was  the  same,  but  it  was  covered  with  petrolatum  and  transplants  were 
made  every  other  day  during  a  ten-day  period. 
Experimental  use, — See   Lot  202. 

Lot  210  Aedes  aegypti. 

Infection  of  mosquitoes. — April  14,  1930,  one  hundred  eighty-eight  normal 
mosquitoes  fed  fully  by  the  technic  noted  under  lot  202.  The  medium  used 
was  the  same,  but  transplants  were  made  at  72-hour  intervals  during  a 
period  of  ten  days. 

Experimental  use. — See  Lot  202. 

Lot  211  Aedes  aegypti. 

Infection  of  mosquitoes. — April  14,  1930,  one  hundred  ninety-four  normal 
mosquitoes  fed  fully  by  the  technic  noted  under  Lot  202.  The  medium  was 
the  same,  but  the  surface  was  covered  with  petrolatum  and  transplants 
were  made  at  72-hour  intervals  for  a  period  of  ten  days. 

Experimental  u^e. — See  Lot  202. 

Lot  212  Aedes  aegypti. 

Infection  of  mosquitoes. — April  15,  1930,  two  hundred  ninety-six  normal 
mosquitoes  fed  by  the  technic  noted  under  lot  202.  The  medium  used  was 
the  same,  but  transplants  were  made  at  5-day  intervals  during  a  15-daiy 
period. 

Experimental  use. — See  Lot  202. 

Lot  213  Aedes  aegypti. 

Infection  of  mosquitoes. — April  15,  1930,  one  hundred  eighty  normal 
mosquitoes  fed  by  the  technic  noted  under  lot  202.  The  medium  used  was 
the  same,  except  that  it  was  covered  with  petrolatum  and  transplants 
were  made  twice  at  an  interval  of  five  days. 

Experimental  u^e. — See  Lot  202. 

Lot  214  Aedes  aegypti. 

Infection  of  mosquitoes. — April  20,  1930,  one  hundred  fifty-five  normal 
mosquitoes  fed  fully  on  M.  philippinensis  33-D.  This  monkey  was  ob- 
tained from  a  dengue-free  mountainous  area  and  had  been  bitten  April 
14  by  eighteen  dengue-infected  A.  albopictu^  of  lot  183. 

Experimental  use. — May  10,  1930,  10  a.  m.,  seventy-six  fed  fully  on  A.V. 
96-H.     Dengue  did  not  develop.     A.V.  96-H  was  infected  later  by  lot  195. 

Lot  215  Aedes  aegypti. 

Infection  of  mosquitoes. — April  20,  1930,  sixty-five  normal  mosquitoes 
fed  fully  on  M.  philippinensis  34-E.  This  monkey  was  obtained  from  a 
dengue-free  mountainous  area  and  had  been  bitten  April  14  by  nine  dengue- 
infected  A.  albopictus  of  lot  183. 

Experimental  use. —  (1)  May  10,  1930,  10  a.  m.,  twenty- four  fed  fully 
on  A.V.  98-R.  Dengue  did  not  develop.  A.V.  98-R  was  later  proved  to  be 
immune  to  dengue. 

Lot  216  Aedes  aegypti. 

Infection  of  mosquitoes. — April  20,  1930,  one  hundred  nine  normal  mos- 
quitoes fed  on  an  emulsion  of  the  spleen  of  M.  philippinensis  34-E  (see  lot 
215)  in  2  cubic  centimeters  of  ascitic  broth  and  2  cubic  centimeters  of 
normal  blood. 
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Experimental  use. — May  10,  1930,  10  a.  m.,  thirty-six  fed  fully  on  A.V. 
95-D,  but  did  not  cause  dengue.     A.V.  95-D  was  infected  later  by  lot  190. 

Lot  217  Aedes  segypti. 

Infection  of  mosquitoes, — April  20,  1930,  twenty-three  normal  mosquitoes 
fed  fully  on  an  emulsion  of  0.5  gram  of  the  liver  of  M,  phUippinensis 
34-E  in  2  cubic  centimeters  of  ascitic  broth  and  2  cubic  centimeters  of 
normal  blood.     See  lot  215. 

Experimental  use.—  (l)  May  10,  1930,  10  a.  m.,  five  fed  fully  on  A.V. 
95-D,  but  did  not  cause  dengue.  A.V.  95-D  was  infected  later  by  lot  190. 
LfOt  218  Aedes  aegypti. 

Infection  of  mosquitoes, — April  20,  1930,  one  hundred  two  normal  mos- 
quitoes fed  fully  on  an  emulsion  of  0.5  gram  of  the  brain  of  M.  philip- 
pinensis  33-D  and  33-E  (see  lots  214  and  215)  in  2  cubic  centimeters 
of  ascitic  broth  and  2  cubic  centimeters  of  normal  blood. 

Experimental  use. — May  10,  1930,  10  a.  m.,  forty-nine  fed  fully  on 
A.V.  95~D,  but  did  not  cause  dengue.  A.V.  95-D  was  infected  later  by 
lot  190. 

Lot  219  Aedes  aegypti. 

Infection  of  mosquitoes. — April  20,  1930,  forty-eight  normal  mosquitoes 
fed  fully  on  an  emulsion  of  0.5  gram  of  the  spleen  of  M.  philippinensis 
33-D  (see  lot  214)  in  2  cubic  centimeters  of  ascitic  fluid  and  2  cubic 
centimeters  of  normal  blood. 

Experimental  u^e.—  (l)  May  10,  1930,  10  a.  m.,  thirteen  fed  fully 
on  A.V.  97-H,  but  did  not  cause  dengue.  A.V.  97-H  was  infected  later 
by  lot  198. 

Lot  220  Aedes  aegypti. 

Infection  of  mosquitoes. — April  20,  1930,  one  hundred  thirteen  normal 
mosquitoes  fed  fully  on  an  emulsion  of  0.5  gram  of  liver  of  M.  philip- 
pinensis 33-D  in  2  cubic  centimeters  of  ascitic  fluid  and  2  cubic  centimeters 
of  normal  blood. 

Experimental  t^se.— May  10,  1930,  10  a.  m.,  thirty-nine  fed  fully  on 
A.V.  97-H,  but  did  not  cause  dengue.  A.V.  97-H  was  infected  later  by 
lot  198. 

Lot  221  Aedes  aegypti. 

Lot  discarded.  Fed  on  A.V.  41-F,  who  was  readmitted  to  the  hos- 
pital with  possible  dengue  following  an  immunity  test.  He  did  not 
have  dengue. 

Lot  222  Aedes  aegypti. 

Infection  of  mosquitoes.— Uscy  3,  1930,  normal  mosquitoes  fed  on  A.V. 
94-K,  who  was  readmitted  to  the  hospital  shortly  after  discharge  with 
possible  dengue  "relapse.'*     He  did  not  have  dengue.     Lot  discarded. 

2.  AfiDES  ALBOPICTUS  Skuse. 

One  lot  of  A.  albopictus  (No.  29)  was  obtained  from  larv« 
collected  in  the  City  of  Manila,  while  all  of  the  other  lots  used 
were  laboratory-bred  mosquitoes  descended  from  this  original 
source. 
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Aedes  (Stegomyia)  albopictus  Skuse  is  the  name  now  generally 
applied  to  Stegomyia  scutellaris  Walker  (1859) ,  Ctdex  variegatus 
Doleschall  (1858)  (non  Schrank  1781)  (non  Blanchard  1852), 
Culex  albopictus  Skuse  (1895),  Stegomyia  scutellaris  Theobald 
(1901),  Stegomyia  scutellaris  samarensis  Ludlow  (1911),  and 
Stegomyia  cdbopicta  Skuse. 

This  mosquito  was  'described  in  1901  by  Theobald  *  as  follows : 

3.  Stegomyia  scutellaris.     Walker   (1859). 
C  scutellaris.     Walker. 
C.  alhopictus,     Skuse. 
C  variegattis.     Doleschall. 

♦  He  4c  *  4:  :(:  4: 

Thorax  black,  with  a  media  silvery  stripe;  abdomen  with  silvery  basal 
bands;  legs  black,  tarsi  basally  white  banded,  last  joint  of  the  hind  legs 
pure  white. 

?.  Head  with  a  patch  of  dark  scales  on  each  side,  separated  by  a  broad 
band  of  silvery-white  scales,  which  form  a  bright  spot  in  front,  and  with 
a  silvery-white  border  to  the  eyes,  and  another  patch  on  each  side  of  the 
head;  eyes  partly  black  and  golden;  antennae  dark  brown,  faintly  paler 
banded  at  the  joints,  with  a  tuft  of  silvery  scales  on  the  basal  joints,  form- 
ing two  distinct  spots;  palpi  black  with  a  silvery  white  apical  joint;  pro- 
boscis black. 

Thorax  black,  covered  with  black  scales  and  fine,  rather  dull  brown 
hairs;  a  distinct,  clear,  silvery  line  in  the  middle  from  the  front  to  about 
two-thirds  of  the  way  across  the  mesonotum;  scutellum  edged  with  silvery 
scales;  metanotum  dark  brown;  pleurae  black  with  numerous  silvery- 
white  spots.  Abdomen  covered  with  black  scales,  the  bases  of  the  seg- 
ments with  a  band  of  silvery  scales  which  spread  out  laterally,  most 
noticeable  on  the  fourth  and  fifth  segments,  forming  distinct  lateral 
patches;  ventral  surface  also  with  white  scales. 

Legs  black,  the  femora  with  silvery  knee  spots  and  pale  beneath  fore 
part  of  their  length;  tibiae  black;  metatarsi  with  broad  white  basal  bands; 
in  the  fore  and  mid  feet  the  first  tarsal  joint  is  basally  white,  the  others 
black;  in  the  hind  legs  all  the  tarsi  with  broad,  white,  basal  bands,  except 
the  last,  which  is  pure  white.  Front  claws  untoothed.  Wings  with  the 
veins  covered  with  long  brown  scales  and  a  double  row  of  short  darker 
ones;  first  sub-marginal  cell  short,  slightly  longer  and  narrower  than  the 
second  posterior  cell;  posterior  cross-vein  some  distance  behind  the  mid 
cross-vein.     Halteres  with  pale  testaceous  stem  and  dusky  knob. 

Length, — 4.5  to  5  mm. 

c?.  Thorax,  abdomen,  and  legs  like  the  ?.  Antennae  banded  black  and 
white,  the  basal  joint  black  with  a  large  patch  of  silvery-white  scales  on  the 
inside;  plumes  deep  brown;  palpi  long  and  thin,  not  plumed,  black,  with 
two  broad  white  bands  towards  the  base  and  a  white  spot  underneath  at 
the  base  of  the  last  two  joints;  proboscis  black;  fore  and  mid  ungues  un- 

*  A  Monograph  of  the  Culicidae  or  Mosquitoes.  London,  British  Museum 
of  IsTatural  History  1    (1901)  298-300. 
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equal,  the  larger  with  one  large  tooth,  the  smaller  simple;  hind  ones  small 
and  simple,  equal. 

Length. — 4  to  4.5  mm. 

In  1922  Barraud  *  published  the  following  description  of  A. 
alhopictus  in  which  he  called  special  attention  to  the  distinctive 
form  of  the  male  hypopygium: 

Stegomyia  albopicta  (Skuse).  Culex  albopictus,  Skuse,  Ind.  Mus.  Notes 
iii,  No.  5,  p.  20  (1895).  Stegomyia  scutellaris,  Theobald  (nee  Walker), 
Mon.  Cul.  vol.  i,  p.  298  (1901).  Stegomyia  samarensis,  Ludlow,  Psyche, 
vol.  xviii,  p.  127   (1911). 

The  only  known  Indian  species  of  Stegomyia  with  which  this  may  be 
confused  is  unilineatay  but  the  absence  of  white  spots  on  the  mesonotum 
and  on  the  mid-femora,  of  albopicta,  form  fairly  easily  seen  distinctions. 
The  male  hypopygium  is  somewhat  like  that  of  S.  argentea  (fasdata) 
but  from  the  drawings  it  will  be  seen  that  there  are  differences  in  the 
shape  of  the  clasper,  ventrolateral  plate  and  the  anal  segment,  and  in  the 
ninth  tergite. 

SECTION   B.   PROTOCOLS  OF  LOTS   OF  AEDES  ALBOPICTUS 

Lot  29  Aedes  albopictus. 

Infection  of  mosquitoes. — July  16,  1929,  9  a.  m.,  eighty  A.  albopictics 
fed  on  A.V.  22-M  during  the  first  day  of  dengue  fever. 

Experimental  use. — ^(1)  July  21,  1929,  fifteen  of  this  lot  were  groimd 
in  1.5  cubic  centimeters  saline  solution  by  aid  of  sand,  then  filtered  through 
a  "regular"  Mandler  (our  No.  8),  and  0.75  cubic  centimeter  was  injected 
subcutaneously  into  A.V.  27-P.  Dengue  fever  did  not  develop  (see  below). 
(2)  July  29,  1929,  10  a.  m.,  eight  mosquitoes  of  this  lot  were  fed  on  A.V. 
26-T;  dengue  fever  developed  August  4,  p.  m.  (3)  July  29,  9.45  a.  m., 
twelve  were  fed  on  A.V.  23-B;  dengue  fever  developed  at  noon  August  5. 
(4)  August  6,  11.30  a.  m.,  one  was  fed  on  A.V.  27-P;  dengue  fever  devel- 
oped during  the  evening  of  August  11.  (5)  August  6,  11.30  a.  m.,  three 
were  fed  on  A.V.  25-D;  dengue  developed  during  the  evening  of  August 
12.  (6)  August  7,  11.15  a.  m.,  ten  were  fed  on  A.V.  24~H;  dengue 
developed  during  the  evening  of  August  11. 

Lot  37  Aedes  albopictus. 

Infection  of  mosquitoes. — August  5,  1929,  1.15  p.  m.,  seventy-nine  normal 
mosquitoes  were  fed  on  A.V.  28-P  during  the  second  day  of  dengue  fever. 
Experimental  use, — This  lot  was  never  tested. 

Lot  43  Aedes  albopictus. 

Infection  of  mosquitoes. — August  12,  1929,  11.30  a.  m.,  fifty-four  normal 
mosquitoes  were  fed  on  A.V.  27-P  during  the  first  day  of  dengue  fever. 

Experimental  use. —  (1)  August  26,  1929,  twenty-two  of  this  lot  were 
fed  on  A.V.  32-W;  dengue  developed  during  the  evening  of  August.  31. 
(2)  August  31,  two  of  this  lot  were  fed  on  A.V.  34-S;  dengue  developed 
during  the  evening  of  September  5. 

*  Ind.  Journ.  Med.  Res.   10    (1922-23)    779. 
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Lot  51  A^des  albopictus. 

Infection  of  mosquitoes. — August  31,  1929,  11.45  a.  m.,  fifty-one  normal 
mosquitoes  were  fed  on  A.V.  31-D  during  the  first  day  of  dengue. 
Experimental  use. — Not  used. 

Lot  58  Aedes  albopictus. 

Infection  of  mosquitoes. — September  6,  1929,  9.30  a.  m.,  sixteen  normal 
mosquitoes  were  fed  on  A.V.  34-S  during  the  first  day  of  dengue  fever. 

Experimental  use. —  (1)  October  2,  1929,  11  a.  m.,  three  of  this  lot  were 
fed  on  A.V.  45-V;  dengue  fever  developed  during  the  evening  of  October  7. 

Lot  73  Aedes  albopictus. 

Infection  of  mosquitoes. — September  30,  1929,  1  p.  m.,  sixteen  normal 
mosquitoes  fed  on  A.V.  40-W.  This  volunteer  did  not  develop  dengue. 
The  lot  was  discarded. 

Lot  78  Aedes  albopictus. 

Infection  of  mosquitoes, — October  8,  1929,  1  p.  m.,  fifty-six  normal  mos- 
quitoes were  fed  on  A.V.  45-V  during  the  first  day  of  dengue  fever. 
Experimental  use. — Not  used. 

Lot  128  Aedes  albopictus. 

Infection  of  mosquitoes, — December  4,  1929,  10  a.  m.,  one  hundred 
eighty-four  normal  mosquitoes  fed  on  A.V.  62-H  during  the  second  day 
of  dengue  fever. 

Experimental  use. — (1)  January  16,  1930,  9.10  to  10  a.  m.,  thirty-two 
of  this  lot  fed  on  M,  philippinensis  30  (Sagada  "A").  Dengue  fever  de- 
veloped. See  lot  156.  (2)  January  16,  a.  m.,  thirty-five  of  this  lot  fed  on 
M.  philippinensis  31  (Sagada  "B").  Dengue  fever  developed.  See  lot 
157.  (3)  January  27,  10  a.  m.,  fourteen  of  this  lot  fed  on  A.V.  69-K. 
Dengue  fever  developed  at  noon  February  1,  1930.  (4)  February  7,  9  a.  m., 
eight  of  this  lot  fed  on  A.V.  72-E.  Dengue  fever  did  not  develop.  This 
was  an  immunity  test  of  a  previously  infected  volunteer. 

Lot  160  Aedes  albopictus. 

Infection  of  mosquitoes, — February  2,  1930,  9  a.  m.,  two  hundred  fifty 
normal  mosquitoes  fed  on  A.V.  69-K  during  the  first  day  of  dengue  fever. 

Experimental  use, —  (1)  February  24,  1930,  10.30  a.  m.,  one  hundred 
eighteen  of  this  lot  fed  on  A.V.  79-H.  Dengue  fever  developed  at  noon 
March  1,  1930.  (2)  March  13,  10.30  a.  m.,  thirty-six  of  this  lot  fed  on 
A.V.  83-R,  who  was  then  in  his  first  day  of  dengue,  and  one  hundred 
thirty  males  of  lot  184  were  placed  in  the  cage  until  March  23,  1930,  when 
they  were  removed.  (3)  March  19,  1930,  9  to  11  a.  m.,  ten  of  this  lot 
fed  on  guinea  pig  16.     See  lot  188. 

Lot  182  Aedes  albopictus. 

Infection  of  ntosquitoes. — March  10,  one  hundred  thirty  normal  mos- 
quitoes and  one  hundred  dengue-infected  A.  segypti  (lot  168)  were  placed 
in  same  cage.  A  small  dish  of  sugar  solution  was  placed  in  the  cage 
for  food.  March  21,  seventy-five  A,  albopictus  were  removed  and  des- 
ignated lot  182. 
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Experimental  use, — (1)  March  22,  11  a.  m.,  sixty-eight  of  this  lot  fed 
on  A.V.  92-C.  Dengue  did  not  develop.  (2)  March  31,  10.30  a.  m., 
twenty-three  of  this  lot  again  fed  on  A.V.  92-C.  Dengue  fever  devel- 
oped April  12,  p.  m.  However,  seventy-three  dengue-infected  A.  ssgypti 
of  lot  189  were  fed  on  this  volunteer  April  10,  12.30  p.  m.,  or  two  days 
previous  to  the  onset  of  dengue.  As  an  incubation  period  of  two  days  is 
shorter  than  any  previously  obtained  in  this  study,  it  seems  possible  that 
dengue  fever  may  have  resulted  from  lot  182  after  a  rather  long  incu- 
bation period  of  twelve  days. 

Lot  183  Aedes  albopictus. 

Infection  of  mosquitoes. — March  13,  1930,  10.30  a.  m.,  one  hundred 
sixteen  normal  A.  albopictus  fed  on  A.V.  83-R  during  the  first  day  of 
dengue   fever. 

Experimental  use. —  (1)  April  1,  9.30  a.  m.,  fifteen  of  this  lot  were  fed 
on  A.V.  90-A.  Dengue  fever  developed  April  5,  p.  m.  (2)  April  1, 
9.30  a.  m.,  nine  of  this  lot  were  fed  on  A.V.  93-K.  Dengue  fever  devel- 
oped April  10,  p.  m.  (3)  April  14,  11  a.  m.,  eighteen  of  this  lot  were 
fed  on  M.  philippinensis  33  (Sagada  D).  Normal  A.  aegypti  designated 
lots  214,  219,  and  220,  were  allowed  to  feed  on  this  monkey  on  the  sixth 
day  following  the  feeding  of  infected  mosquitoes  of  lot  183.  When  tested 
subsequently,  lot  214  failed  to  transmit  dengue  to  susceptible  volunteer 
A.V.  96-H,  and  lots  219  and  220  failed  to  produce  dengue  in  susceptible 
volunteer  A.V.  97-H.  (4)  April  14,  11  a.  m.,  nine  of  this  lot  were  fed 
on  M.  philippine7isis  34  (Sagada  E).  Lots  216  and  217,  which  were 
potentially  infected  from  this  monkey  on  the  sixth  day  following  the 
feeding  of  infected  mosquitoes  of  lot  183,  failed  to  transmit  dengue  to 
susceptible  volunteer  A.V.  95-D.  Lot  215,  which  was  potentially  infected 
on  the  same  day,  was  later  tested  on  A.V.  98-R.  A.V.  98-R  was  subse- 
quently proved  to  be  immune. 

Lot  184  Aedes  albopictus. 

Infection  of  mosquitoes. — March  13,  1930,  one  hundred  thirty  normal 
A.  albopictus  males  were  placed  with  fifty-five  female  A.  albopictus  lot 
160,  thirty-six  of  which  within  the  hour  had  completed  their  feeding  on 
A.V.  83-R  during  the  first  day  of  dengue  fever.  March  23,  sixty-eight 
male  A,  albopictus  were  removed  to  a  separate  cage. 

Experimental  use. —  (1)  March  26,  1930,  a.  m.,  one  hundred  young  nor- 
mal female  A.  albopictus  designated  lot  192  were  placed  in  the  cage  with 
the  male  A.  albopictus  of  this  lot. 

Lot  192  Aedes  albopictus. 

Infection  of  mosquitoes. — March  26,  1930,  a.  m.,  one  hundred  normal 
female  A.  albopictus  designated  lot  192  were  placed  in  cage  of  lot  184  con- 
taining potentially  infected  male  A.  albopictus;  after  copulation  had  taken 
place  at  least  once,  they  were  caught  in  test  tubes,  removed  from  cage, 
and  after  all  had  copulated,  they  were  again  released  in  cage. 

Experimental  use. —  (1)  April  22,  1930,  this  lot  taken  to  Baguio.  April 
23,  10.30  a.  m.,  four  of  this  lot  fed  on  F.V.  31-P;  dengue  fever  did  not 
develop.     (2)  April  29,  lot  returned  to  Manila  and  one  of  lot  fed  on  A.V. 
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97-H  at  4  p.  m.,  but  did  not  cause  dengue.    A.V.  97-H  was  infected  later 
by  lot  198. 

Lot  No.  193  Aedes  albopictus. 

Infection  of  mosquitoes, — April  1,  1930,  9.30  a.  m.,  one  hundred  forty- 
three  normal  A.  albopictus  fed  on  A.V.  86-B  during  the  first  day  of  dengue 
fever. 

Experimental  use, — This  lot  was  never  used. 

Lot  199  Aedes  albopictus. 

Infection  of  mosquitoes, — April  7,  1930,  9.30  a.  ml.,  eighty-eight  normal 
A.  albopictus  fed  on  A.V.  91-K  during  the  first  day  of  dengue  fever. 

Experimental  use, —  (1)  May  11,  11  a.  m.,  eight  of  this  lot  fed  on  A.V. 
99-P,  resulting  in  the  onset  of  dengue  during  the  afternoon  of  May  16, 
1930. 

Lot  207  Aedes  albopictus. 

Infection  of  mosquitoes, — April  11,  1930,  10  a.  m.,  fifty-nine  normal 
A,  albopictus  fed  on  A.V.  93-R  during  the  second  day  of  dengue  fever. 

Experimental  u^e, — May  17,  1930,  11  a.  m.,  seven  fed  on  A.V.  98-R,  but 
did  not  cause  dengue.     This  volunteer  was  evidently  immune  to  dengue. 

3.  CULEX  QUINQUEFASCIATUS  Say  (=C.  fatigrans  Wiedemann). 

These  mosquitoes,  which  were  raised  from  larvae  collected  in 
the  City  of  Manila,  conformed  to  the  following  description  given 
by  Siler,  Hall,  and  Kitchens.* 

"The  name  Culex  quinquefasciatus  Say  is  adopted  in  this  paper  to  des- 
ignate one  of  the  species  involved,  upon  the  assumption  that  the  species 
to  which  it  refers  is  identical  with  C.  fatigans  Wiedemann,  since  our 
species  is  without  question  identical  with  the  latter.  The  intricate  synon- 
ymy of  the  genus  and  species  and  the  controversies  concerning  it  among 
various  authors  are  discussed  in  the  papers  by  Howard,  Dyar,  and  Knabf 
.and  by  Dyar.J 

Description, — "A  medium-sized  reddish-brown  mosquito,  the  mesonotum 
with  narrow  curved  reddish-brown  scales;  legs  and  proboscis  blackish 
scaled,  the  femora  pale  brown  at  base.  Abdomen  blackish  above,  with 
moderate  basal  segmental  whitish  bands,  separated  from  the  lateral  spots. 
Wing  scales  narrow  and  hairlike,  wholly  dark. 

"The  male  genitala  have  the  third  plate  of  the  mesosome  pointed  and 
straight,  the  second  plate  very  long  and  straplike. 

"The  larvae  occur  in  artificial  receptacles  by  preference,  but  are  also 
found  in  ground  pools,  even  far  from  habitations. 

"This  is  the  common  house  mosquito  of  the  Tropics,  extending  in  Amer- 
ica to  about  latitude  35  **  north  and  south. 

*  Bur.  Sci.  Monog.  20  (1926)   309. 

t  The  Mosquitoes  of  North  and  Central  America  and  the  West  Indies  3  * 
(1915)  345. 

J  The  Mosquitoes  of  the  United  States,  Proc.  U.  S.  Nat.  Mus.  62  (1922) 
Art.  1,  p.  3,  line  27,  and  pp.  16  and  17. 
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*' Distribution. — Tropical  countries  throughout  the  world."  -  {Dya/r, 
1922.) 

SECTION  C.  PROTOCOLS  OF  LOTS  OF  CULBX  QUINQUBPASCIATUS 

Lot  31  Culex  quinquefasciatus. 

Infection  of  mosquitoes. — July  16,  1929,  7  to  9  p.  m.,  one  hundred  seven 
normal  mosquitoes  fed  fully  on  A.V.  21-M  during  the  first  day  of  dengue 
fever. 

Experimental  use. — ^(1)  July  20,  1.15  p.  m.,  twenty-five  of  the  lot  were 
ground  with  sterile  sand  and  0.9  per  cent  saline,  filtered  through  a  pre- 
liminary Handler  candle,  (our  No.  12),  and  3  cubic  centimeters  of  the 
filtrate,  representing  approximately  eighteen  mosquitoes,  were  injected 
subcutaneously  into  A.V.  28-P.  Dengue  did  not  develop  and  the  volunteer 
was  subsequently  proved  susceptible  by  the  feeding  of  lot  32  A.  aegypti. 
(2)  July  29,  1929,  7  to  9  p.  m.,  seven  of  the  lot  fed  on  A.V.  24-H.  Dengue 
did  not  develop,  and  he  was  proved  nonimmune  subsequently  by  lot  29  A. 
alhopictus.  (3)  July  29,  1929,  four  fed  on  A.V.  25-D.  Dengue  did  not  de- 
velop, and  he  was  proved  nonimmune  subsequently  by  lot  29  A,  albopictus, 

(4)  August  18,  1929,  6  to  9  p.  m.,  ten  fed  on  A.V.  31-D.  Dengue  did  not 
develop,  and  he  was  proved  nonimmune  subsequently  by  lot  35  A.  segypti. 

(5)  August  30,  1929,  6  to  9  p.  m.,  five  fed  on  A.V.  33-B.  Dengue  did 
not  develop,  and  he  was  proved  nonimmune  subsequently  by  lot  49  A. 
sBgypti. 

Lot  57  Culex  quinquefasciatus. 

Infection  of  mosquitoes. — September  5,  1929,  7  to  9  p.  m.,  one  hundred 
seven  normal  mosquitoes  fed  on  A.V.  34-S  during  the  first  day  of  fever*. 
Experimental  use. — Not  tested. 

Lot  97  Culex  quinquefasciatus. 

Infection  of  mosquitoes. — October  31,  1929,  7  to  11  p.  m.,  one  hundred 
normal  mosquitoes  partially  fed  on  A.V.  55-S  during  the  first  day  of 
dengue  fever. 

Experimental  use. — ^(1)  Immediately  after  partial  feeding  on  A.V.  55-S 
they  were  transferred  to  A.V.  54-K,  on  whom  at  least  fifty-four  completed 
their  feeding.  November  13  (day  following  infection  of  mosquitoes.) 
This  lot  of  mosquitoes  was  ground,  mixed  with  normal  blood,  and  fed  to 
normal  A.  segypti,  which  became  lot  102.  This  lot  was  lost  before  it  could 
be  tested. 

Lot  98  Culex  quinquefasciatus. 

Infection  of  mosquitoes. — October  31,  1929,  9  to  12  p.  mi.,  one  hundred 
forty-four  normal  mosquitoes  were  partially  fed  on  A.V.  55-S  during  the 
first  day  of  dengue  fever. 

Experimental  use. — Lot  not  tested. 

Lot  132  Culex  quinquefasciatus. 

Infection  of  mosquitoes. — December  4,  1929,  6.30  to  7.30  p.  m.,  eight 
mosquitoes  partially  fed  on  A.V.  60-S  during  the  first  day  of  dengue  fever. 

Experimental  use. — Immediately  after  partial  feeding  on  A.V.  60-S, 
they  completed  their  feeding  on  A.V.  58-S.  Dengue  did  not  develop  in 
the  latter  volunteer. 
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Lot  133  Culex  quinquefasciatus. 

Infection  of  mosquitoes, — ^December  4,  1929,  7  to  9  p.  m.,  fifty-two  mos- 
quitoas  partially^  fed  on  A.V.,  60-S  during  the  first  day  of  dengue  fever. 

Experimental  use, —  (1)  December  18,  1929,  thirty-eight  of  this  lot  were 
macerated,  mixed  with  2.5  cubic  centimeters  of  guinea-pig  blood,  and  fed 
to  normal  A,  segypti,  becoming  lot  144.  This  lot  was  later  tested  on  A.V. 
75-P  with  negative  results. 

Lot  170  Culex  quinquefasciatus. 

Infection  of  m^osquitoes, — February  21,  1930,  6.30  to  9.30  p.  m.,  twenty- 
six  mosquitoes  were  partially  fed  on  A.V.  80-L  during  the  first  day  of 
dengue  fever. 

Experimental  use,—(l)  February  21,  1930,  twenty-one  females  of  this 
lot  completed  feeding  on  A.V.  82--F  within  an  hour  after  feeding  on  A.V. 
80-L.     Dengue  did  not  develop. 

Lot  185  Culex  quinquefasciatus. 

Infection  of  mosquitoes, — March  13,  1930,  7  to  10  p.  m.,  twenty-six 
normal  mosquitoes  were  partially  fed  on  A.V.  83-R  during  the  first  day 
of  dengue  fever. 

Experimental  u^e, —  (1)  March  13,  1930,  twelve  of  this  lot  completed 
their  feeding  on  A.V  85-T  within  one  hour  after  feeding  on  A.V.  83-R, 
who  was  then  in  his  first  twenty-four  hours  of  dengue  fever.  Dengue  fever 
did  not  develop.  (2)  March  13,  1930,  eight  of  this  lot  completed  their 
feeding  on  A.V.  86-B  within  one  hour  after  feeding  on  A.V.  83-R,  who 
was  then  in  his  first  twenty-four  hours  of  dengue  fever.  Dengue  fever 
did  not  develop. 

II.  ABSTRACTS   OF   RECORDS   OP  AMERICAN   VOLUNTEERS    USED   FOR 
DENGUE  EXPERIMENTS 

Dengue  volunteer  (American)  1. 

Horn,  Harold  A.,  Pvt.  (A.  S.  N.  6791819),  66th  Serv.  Sqdn.,  A.  C, 
Camp  Nichols,  Philippine  Islands;  age  21  years;  white;  total  service  seven- 
teen months;  tropical  service  two  months.  Born  in  Iowa;  lived  in  Iowa. 
Arrived  in  Philippine  Islands  October  21,  1928.  No  history  of  dengue. 
Admitted  to  experimental  ward  December  28,  1928  (R.  N.  99501).  Phys- 
ical examination  and  routine  laboratory  examinations  showed  him  to  be 
normal.  Preliminary  observation  period  three  days,  December  28  to  31, 
1928.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Infectious  material — In  order  to  obtain  a  strain  of  dengue  virus  for 
later  experimental  use,  this  volunteer  was  bitten  December  31,  1928,  by 
seventeen  Aedes  xgypti  of  lot  1,  which  had  fed  sixteen  days  previously 
on  a  patient   (Keller)   suffering  with  dengue  fever. 

Incubation  period. — Nine  days,  from  the  morning  of  December  31,  1928, 
until  the  morning  of  January  9,  1929. 

Dengue  fever, — January  9,  a.  m.,  onset,  headache;  p.  m.  fever,  leuko- 
penia, faint  rash  on  arms  and  chest.     January  10  typical  symptoms  of 
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dengue — fever  and  leukopenia,  generalized  aches  and  pains  in  head,  eye 
muscles,  back,  and  extremities;  rash  pronounced  and  generalized;  blood 
pressure  114/60.  (Note:  At  9  a.  m.  blood  specimens  were  collected  for  ex- 
perimental use,  and  one  hundred  four  normal  A.  aegypti  took  blood.  These 
mosquitoes,  lot  3,  were  later  used  to  transfer  the  "K"  strain  of  dengue  to 
A.V.  3-A.)  January  11  leukopenia  marked;  temperature  99.4°  at  6  a.  m., 
but  normal  thereafter;  pulse  and  respiration  rates  normal;  blood  pressure 
114/60;  rash  subsiding;  feels  well.  (Note:  Blood  collected  for  examina- 
tion.) January  12  leukopenia  persists,  otherwise  normal;  blood  pressure 
116/80.  January  13  normal;  blood  pressure  112/62.  January  14  dis- 
charged from  hospital;  no  recurrence  of  symptoms. 
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Fig.    68.     Experimental    denfirae    in    American    volunteer    1. 

Summary. — Infectious  material,  seventeen  A.  xgypti,  lot  1,  infected 
from  patient  Keller.  Age  of  virus  16  days.  Incubation  period  nine 
days.  Fever  continuous  type;  duration  four  days;  height  102.4°  F.  Leu- 
kopenia marked;  low  point  3,150;  "V-type  curve;  duration  three  days. 
Blood  platelets  normal  number  daily.  Hash  throughout  period  of  fever. 
Urine,  daily  routine  <ilinical  examination  negative.  Virus  transferred 
through  A.  asgypti  lot  3  to  A.V.  3-A. 


CONCLUSION 


This  experiment  proved  that  A.  ssgypti,  lot  1,  fed  originally  December 
15,  1928,  on  a  patient  (Keller)  during  the  second  day  of  dengue  fever, 
were  infected  with  dengue  virus. 
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Dengue  volunteer  (American)  2. 

Melody,  Roy  L.,  Pvt.  (A.  S.  N.  6791809),  6th  Photo.  Sec,  A.  C,  Camp 
Nichols;  age  21  years;  white;  total  service  sixteen  months;  tropical  service 
since  October,  1928.  Born  in  Illinois;  arrived  in  Philippine  Islands  Octo- 
ber, 1928.  No  history  of  dengue.  Admitted  to  experimental  ward  Decem- 
ber 28,  1928  (R.  N.  99500).  Physical  examination  and  routine  laboratory 
examinations  showed  him  to  be  normal,  except  for  slight  enlargement  of 
left  cervical  and  epitrochlear  glands,  trace  of  indican  in  urine,  and  a 
relative  and  absolute  increase  of  lymphocytes  in  daily  leukocyte  counts. 
Blood  pressure  120/62.  Preliminary  observation  period  three  days,  De- 
cember 28  to  31,  1928.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Infectious  materiaL — In  order  to  obtain  a  strain  of  dengue  virus  for 
later  experimental  use,  this  volunteer  was  bitten  December  31,  1928,  by 
fifteen  A,  segypti  of  lot  1,  which  had  fed  sixteen  days  previously  on 
a  patient  (Keller)  during  the  second  day  of  dengue  fever.  Immediately 
after  the  biting.  Melody's  skin  was  massaged  with  50  per  cent  alcohol. 
Incubation  period, — Seven  days,  from  the  morning  of  December  31,  1928, 
until  the  morning  of  January  7,  1929.  No  noticeable  change  in  condition. 
Still  had  trace  of  indican  in  urine  each  day.  January  2  blood  pressure 
124/60;  blood  culture  negative. 

Dengue  fever, — January  7,  a.  m.,  onset  with  slight  fever.  January  8 
temperature  higher,  generalized  aches  and  pains;  slight  rash;  leukopenia 
in  afternoon;  blood  culture  negative.  January  9  fever  above  102°,  leuko- 
penia extreme;  definite  rash  over  body;  blood  pressure  106/52. 

Note. — At  10  a.  m.  eighty-nine  normal  A,  segypti  took  blood,  were  called 
lot  2,  and  were  later  used  to  transmit  ithe  "K"  strain  of  dengue  to  A.V. 
4-Y.  Also  blood  was  collected  for  microscopic  examination,  cultures,  and 
animal  inoculations.  Blood  cultures  made  this  date  show  no  demonstrable 
growth  of  dengue  virus.  January  10  slight  fever  in  morning,  but  normal 
thereafter;  leukopenia  extreme,  large  vacuolated  monocytes  present.  Rash 
persists,  blood  pressure  100/52.  Blood  cultures  made  this  date  showed  no 
demonstrable  growth  of  virus.  January  11  temperature,  pulse,  and  respira- 
tion normal;  still  has  leukopenia  and  vacuolated  monocytes.  Blood  pres- 
sure 102/58.  Rash  subsiding  during  afternoon.  Feels  much  better.  Jan- 
uary 12  feels  normal.  Rash  has  disappeared.  Blood  pressure  102/60.  To- 
tal leukocyte  counts  normal,  but  stained  smears  show  vacuolated  mono- 
cytes. Trace  of  albumin  in  urine.  January  13  normal  except  blood  pres- 
sure, which  is  still  102/60.  January  14  discharged  from  hospital.  January 
28  twenty  cubic  centimeters  of  blood  collected,  serum  separated  and  stored 
at  18°  C.  June  12,  1929  thirty  cubic  centimeters  of  blood  collected,  serum 
separated  and  stored  at  18°  C. 

Summary, — Infectious  material  sixteen  A,  segypti^  lot  1  infected  from 
patient  Keller,  fifteen  days  previously.  Incubation  period  seven  days. 
Fever,  type  continuous;  duration  three  and  one-fourth  days;  height  102.6°  F. 
Leukopenia  marked;  low  point  3,250;  "U"-type  curve;  duration  four  days; 
large  vacuolated  monocytes  January  10  to  13.  Primary  rash  from  first  to 
third  day  of  fever.    Urine,  routine  clinical  examination  negative,  except 
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that  trace  of  albumin  was  found.  Blood  culture  during  incubation  and  on 
second,  third,  and  fourth  days  of  fever  negative.  Blood  platelets,  daily 
counts  normal.    Virus  transferred  to  A.V,  4-Y  through  lot  2  A.  ssgypti. 
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Fig.    69.     Experimental   dengue  in    American    volunteer   2. 


CONCLUSION 

A'edes  asgypti  lot  1,  which  fed  originally  December  16,  1928,  on  a  patient 
(Keller)  during  the  second  day  of  dengue  fever,  were  infected  with  dengue 
virus. 

TEST    FOR    IMMUNITY    THIRTEEN    MONTHS    LATER 

February  4,  1930,  or  thirteen  months  after  infection,  A.V.  2-Melody  was 
bitten  by  nine  dengue-infected  A,  SBgypti  lot  135  in  order  to  test  the  dura- 
tion of  the  immunity  produced  by  one  attack  of  dengue.  This  man  had  not 
been  sick  in  the  intervening  period.  Since  dengue  did  not  occur,  it  may 
be  concluded  that  Melody  was  immunized  by  the  experimental  attack  in 
January,  1929,  and  that  this  immunity  protected  him  for  more  than  one 
year. 

Dengue  volunteer  (American)   3. 

Athbrton,  Stanley  A.,  Pvt.  (A.  S.  N.  6539760),  66th  Serv.  Sqdn.,  A.  C, 
Camp  Nichols,  Philippine  Islands;  age  21  years;  white;  total  service  two 
months;  tropical  service  one  month;  bom  in  Michigan.  Arrived  in  Phil- 
ippine Islands  January,  1929.  History  of  dengue  negative.  Admitted  to 
experimental  ward  February  12,  1929  (R.  N.  99913).     Physical  examination 
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and   routine  laboratory   examinations   showed   him   to   be   normal.      Blood 
pressure   138/82.      Preliminary  observation  period  none. 

EXPERIMENTAL 

Experiment  i. — February  12  bitten  by  ten,  two,  and  nine  A,  segypti, 
lots  4,  5,  and  6,  respectively,  which  had  previously  fed  on  monkeys,  M. 
rhesus  1  and  M,  philippinensis  3  and  5.  During  an  observation  period  of 
seven  days,  February  12  to  19,  there  was  no  evidence  of  dengue  fever. 

DENGUE   SUSCEPTIBILITY   TEST 

Infectious  material. — February  19  bitten  by  fifty-six  A,  asgypti  of  lot  3, 
which  had  ingested  infective  blood  forty  days  previously  from  volunteer 
A.V.  1-H,  during  the  first  day  of  dengue  fever. 

Incubation  period, — February  19  to  25,  six  days,  no  evidence  of  dengue 
noted.     Local  swelling  and  redness  persist  around  sites  of  mosquito  bites. 

Dengue  /etJer.— February  25  a.  m.,  patient  feels  "washed  out,''  weak, 
has  headache  and  aches  throughout  body.  In  afternoon  blood  pressure 
102/58,  temperature  104°,  pulse  dropped  from  100  to  80.  Leukocyte  count 
reduced  to  5,150.  No  rash.  Blood  pressure  102.68.  Note:  At  9  a.  m. 
February  25,  one  hundred  forty-one  A.  segypti  took  blood,  were  designated 
lot  9,  and  were  later  used  to  transmit  dengue  to  volunteer  A.V.  6-R  and  to 
four  Igorote  volunteers  (Nos.  1,  2,  3,  and  4).  Blood  collected  for  cultures, 
etc.  February  26  fever  and  leukopenia  persist;  subjective  symptoms  worse; 
head,  eye  muscles,  bones,  and  joints  ache.  Feels  as  though  he  had  been  "hit 
on  the  head  with  a  hammer."  No  rash.  February  27  temperature  normal 
in  morning,  but  high  again  at  night.  Leukopenia  persists.  Feels  better. 
No  rash.  February  28  temperature  99°  at  7  a.  m.,  but  reached  a  peak  of 
103°  at  8  p.  m.  Leukopenia  persists.  Still  weak  but  feels  better;  no  rash. 
March  1  temperature  above  100°  during  day,  but  fell  to  97°  at  7  p.  m. 
Total  leukocyte  count  reached  lowest  point  (3,350)  at  4  p.  m.  Quite  sick 
last  night,  but  now  better.  No  rash.  March  2  temperature  99°  and  slight 
leukopenia  in  morning,  thereafter  normal.  No  rash  at  any  time.  March 
5  discharged  from  hospital. 

Sumnmry. — Infectious  material  fifty-six  A.  asgypti,  lot  3,  infected  from 
A.V.  1-H  forty  days  previously*  Incubation  period  six  days.  Fever,  type 
intermittent  ("saddle");  duration  five  days;  height  103°  F.  Leukopenia 
extreme;  low  point  3,350;  duration  five  and  one-half  days;  "V"-type 
curve.  Large  vacuolated  monocytes  on  second  day  of  fever.  Rash  none. 
Blood  pressure,  February  13  128/70;  February  14  122/66;  February  15 
122/66;  February  16  122/66;  February  17  120/68;  February  18  112/60; 
February  19  120/68;  February  20  120/70;  February  22  112/64;  February 
23  114/60;  February  25  102/56;  February  27  122/64.  Virus  transferred 
through  A,  segypti  lot  9  to  A.V.  6-R  and  I. Vs.  1,  2,  3,  and  4. 

CONCLUSIONS 

1.  Experiment  1  was  negative,  indicating  that  mosquitoes  of  lots  4,  5, 
and  6,  from  monkeys  (M.  rhesus  1,  M,  philippinensis  3  and  5)  were  not 
infected. 

2.  Tlie  occurrence  of  dengue  six  days  after  feeding  A,  asgypti  of  lot  8 
proved  that  these  mosquitoes  were  infected  with  idengue  virus  and  that 
the  volimteer  was  susceptible. 
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TEST  FOR  IMMUNITY  TWO  MONTHS  LATER 

May  1,  1929,  sixty  days  after  Atherton  had  recovered  from  experimental 
dengue  fever  (March  3,  1929),  an  attempt  was  made  to  reinfect  him  with 
dengue  virus  by  allowing  infective  A.  segypti  of  lots  9  and  10  to  feed  on 
him.  As  no  symptoms  of  dengue  appeared  during  a  period  of  eleven  days 
in  hospital,  between  May  1  and  May  11,  or  during  a  period  of  several  months 
after  discharge  from  hospital,  it  may  be  iconcluded  that  one  attack  of 
dengue  fever  protected  this  volunteer  against  reinfection  with  dengue  virus 
sixty  days  later. 

TEST   FOR   IMMUNITY  ELEVEN   MONTHS   LATER 

February  5,  1930,  eleven  months  after  Atherton  had  recovered  from  ex- 
perimental dengue,  he  was  bitten  by  fifteen  infective  A,  aegypti  of  lot  137. 
As  dengue  did  not  develop  during  a  period  of  several  weeks  thereafter, 
and  had  not  occurred  in  the  interval  between  the  experimental  attack  of 
dengue  fever  and  this  test,  it  may  be  concluded  that  one  attack  of  dengue 
protected  this  volunteer  from  a  second  attack  for,  a  peiiod  of  at  least 
eleven  months. 

Dengue  volunteer  (American)  4. 

Young,  Melvin  W.,  Pvt.  (A.  S.  N.  6539788),  66th  Serv.  Sqdn.,  A.  C, 
Camp  Nichols;  age  20  years;  white;  total  service  two  months;  tropical 
service  one  month.  Born  and  lived  in  Oregon.  Arrived  in  Philippine 
Islands  January,  1929.  No  history  of  dengue.  Admitted  to  experimental 
ward  February  12,  1929  (R.  N.  99912).  Physical  and  routine  laboratory 
examinations  showed  him  to  be  normal.  Preliminary  observation  period 
none. 

EXPERIMENTAL 

Experiment  1. — February  12,  forty-eight  A.  segypti,  lot  8,  which  had 
been  hatched  January  15  to  20  from  eggs  laid  by  dengue-infected  mosqui- 
toes of  lot  1  and  which  had  been  given  a  feeding  of  normal  guinea-pig 
blood  nineteen  to  twenty- three  days  before,  fed  on  Young.  February  12 
to  25  no  evidence  of  dengue  fever. 

DENGUE  SUSCEPTIBILITY  TEST 

hifectious  material. — February  19  bitten  by  fifty-six  A.  segypti  of  lot  2, 
which  had  taken  dengue-infected  blood  forty-one  days  previously  from  A.V. 
2-M,  during  the  second  day  of  dengue  fever. 

Incubation  period. — Seven  and  one-half  days,  February  19  a.  m.  to 
February  26  p.  m. 

Dengue  fever. — February  26,  8  p.  m.,  onset  with  fever,  headache,  and 
postorbital  pain.  No  rash.  February  27  fever,  extreme  leukopenia,  symp- 
toms severe  as  before..  No  rash.  (Note:  At  9.20  a.  m.  three  hundred 
twenty-three  A,  segypti  took  blood,  were  designated  lot  10,  and  later  were 
used  to  transfer  dengue  virus  to  volunteers  A.V.  5-M,  A.V.  8-G,  and  A.V. 
lO-H.  Blood  was  collected  for  cultures  and  serum.)  February  28  fever 
reached  highest  point,  104°,  in  a.  m.  Leukopenia  3,850,  symptoms  still 
severe.  No  rash.  Blood  pressure  normal.  Blood  cultures  negative. 
March  1  to  5  normal.     No  rash  at  any  time. 
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Summary, — Infectious  material  fifty-six  A,  segypti,  lot  2,  infected  fifty 
days  previously  from  A.V.  2-M.  Incubation  period  seven  and  one-half 
days.  Fever,  type  continuous;  duration  three  days;  height  104°  F.  Leu- 
kopenia marked;  low  point  3,700;  duration  two  and  one-half  days;  "V"- 
type  curve.  Blood  pressure  normal  throughout  disease.  Rash  none.  Virus 
continued  through  A.  asgypti,  lot  10,  to  three  other  volunteers  (A.V.  5-M, 
A.V.  8-G,  and  A.V.  10-H). 

CONCLUSIONS 

1.  Experiment  1  indicated  that  A,  segypti  of  lot  8,  which  were  hatched 
from  eggs  of  lot  1  and  had  been  given  a  preliminary  normal  blood  feeding, 
were  not  able  to  transmit  dengue  virus. 

2.  The  occurrence  of  dengue  five  days  after  feeding  A.  segypti,  lot  2, 
proved  the  susceptibility  of  volunteer  Young  and  the  infectivity  of  the 
lot  2  mosquitoes. 

TEST  FOR  IMMUNITY  TWO  AND  ONEJ-HALF  MONTHS  LATER 

May  16,  1929,  or  seventy-seven  days  after  his  recovery  from  experi- 
mental dengue  fever,  Young  was  bitten  by  eight  dengue-infected  A.  segypti 
of  lot  12.  As  symptoms  of  dengue  did  not  develop  subsequently  and  as 
there  was  no  history  of  infection  during  the  interval.  Young  was  protected 
from  reinfection  for  a  period  of  seventy-seven  days. 

TEST  FOR  IMMUNITY  TWELVE  MONTHS  LATER 

February  5,  1930,  or  twelve  months  after  the  experimental  infection, 
Young  was  again  bitten  by  eight  dengue-infected  A.  segypti  of  lot  137.  As 
the  result  was  negative  and  as  there  was  no  history  of  infection  during 
the  interval  it  may  be  concluded  that  one  attack  of  dengue  fever,  fol- 
lowed in  seventy-seven  days  by  the  feeding  of  dengue-infected  mosquitoes, 
protected  the  volunteer  against  reinfection  for  a  period  of  at  least  twelve 
months. 

Dengue  volunteer  (American)  5. 

Madson,  Ivan,  Pvt.  (A.  S.  N.  6489562),  66th  Serv.  Sqdn.,  A.  C,  Camp 
Nichols;  age  20  years;  white;  total  service  twenty-one  months;  tropical 
service  two  months.  Born  in  Denmark  and  lived  in  Illinois.  Arrived 
in  Philippine  Islands  January,  1929.  No  history  of  dengue.  Admitted  to 
experimental  ward  March  21,  1929  (R.  N.  100249).  Physical  examination 
and  routine  laboratory  examinations  showed  him  to  be  normal.  Blood  pres- 
sure 136/72.  Preliminary  observation  period  eight  days,  March  21  to 
29,  1929.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1, — March  29  injected  subcutaneously  with  0.5  cubic  centi- 
meter of  pooled,  filtered,  citrated  blood  collected  March  26,  27,  and  28, 
from  Filipino  volunteers  13,  14,  and  16,  after  these  men  had  been  bitten 
one,  two,  and  three  days  previously  by  dengue-infected  A,  segypti  of  lots 
9  and  10.  Dengue  fever  did  not  develop  during  an  observation  period  of 
ten  days  (March  29  to  April  8). 
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DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material. — April  8  bitten  by  one  hundred  thirty-nine  dengue- 
infected  A,  SBgypti  of  lot  10,  which  forty  days  previously  had  taken  blood 
from  A.V.  4— Y  iduring  the  first  day  of  dengue  fever. 

Incubation  period, — April  8  to  13,  five  days. 

Dengue  fever. — April  13,  probable  onset,  fever  in  afternoon.  Slight 
headache.  April  14  fever  and  moderate  leukopenia,  slight  malaise  and 
headache.  April  15  moderate  fever  and  leukopenia.  April  16  symptoms 
severe;  high  fever  and  leukopenia;  generalized  rash.  (Note:  One  hun- 
dred twenty-two  normal  A.  asgypti  fed  this  morning  when  temperature 
was  at  its  height,  third  day  of  disease,  and  designated  lot  11,  later  failed 
to  transmit  dengue.)  April  17  temperature  100.2°  in  p.  m.  Leukopenia 
persists  in  forenoon.  April  18  and  19  normal  except  for  presence  of 
"irritation^'  cells.  April  22  discharged  from  hospital.  June  12  serum 
collected  and  placed  in  sealed  ampules. 

Summary. — Infectious  material  one  hundred  thirty-nine  A.  asgypti  of  lot 
10  infected  from  A.V.  4-Y  forty  days  previously.  Incubation  period  five 
days.  Fever,  type  intermittent  with  "saddle";  duration  four  and  one-half 
days;  height  104°  F.  Leukopenia  marked;  low  point  2,950;  duration  four 
days;  "W"-type  curve;  large  vacuolated  monocytes  noted  each  day  from 
April  16  to  21.  Rash  secondary,  appearing  on  third  day  following  onset. 
Virus  not  continued  from  this  volunteer. 

CONCLUSIONS 

1.  Experiment  1  was  negative.  The  subcutaneous  injection  of  pooled, 
filtered  blood  collected  from  Filipino  volunteers  13,  14,  and  16,  one,  two, 
and  three  days  after  they  had  been  bitten  by  infected  A.  segypti  of  lots  9 
and  10,  did  not  produce  dengue  in  this  volunteer. 

2.  The  occurrence  of  dengue  fever  five  days  after  feeding  one  hundred 
thirty-nine  dengue-infected  A.  segypti  of  lot  10,  proved  the  infectivity  of 
these  mosquitoes  and  the  susceptibility  of  A.V.  5-M  to  dengue. 

Dengue  volunteer  (American)  6. 

RisoN,  Robert  L.,  Pvt.  (A.  S.  N.  6540698),  66th  Serv.  Sqdn.,  A.  C,  Camp 
Nichols;  age  19  years;  white;  total  service  six  and  one-half  months; 
tropical  service  two  months.  Born  in  Pennsylvania  and  lived  in  Califor- 
nia. Arrived  in  Philippine  Islands  January,  1929.  No  history  of  den- 
gue. Admitted  to  experimental  ward  March  23,  1929  (R.  N.  100263). 
Physical  examination  and  routine  laboratory  examinations  showed  him  to 
be  normal.  Preliminary  observation  period  eight  days,  March  23  to  31, 
1929.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — April  1  this  volunteer  was  injected  subcutaneously  with 
0.5  cubic  centimeter  of  pooled,  citrated,  Mandler-filtered  blood  which  was 
collected  March  29,  30,  and  31  from  Filipino  volunteers  13,  14,  and  16, 
who  had  been  bitten  four,  five,  and  six  days  previously  by  dengue-infected 
A.  segypti  of  lots  9  and  10.  Dengue  fever  did  not  develop  during  an 
observation  period  of  ten  days  from  April  1  to  11. 
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DENGUE  SUSCEPTIBILITY  TEST 

Infectious  nnaterial. — ^April  11  bitten  by  forty-nine  dengue-infected  A. 
segypti  of  lot  9,  which  forty-five  days  previously  had  taken  blood  from  an 
experimental  case,  A.V.  3-A,  during  the  first  day  of  dengue  fever. 

Incubation  period. — April  11  to  16,  five  days. 

Dengue  fever. — April  16,  onset  a.  m.,  fever,  leukopenia,  rash,  headache, 
generalized  pains  and  aches.  [Note:  (a)  One  hundred  sixty  eight  normal 
A.  segypti  took  blood,  designated  lot  12,  and  later  proved  infected  by 
transmitting  dengue  to  A.  V.  9-D.  (6)  Blood  was  collected  for  cultures 
and  for  injections  into  guinea  pig,  goat,  and  Filipinos.]  April  17  fever 
highest  in  afternoon,  symptoms  persist.  No  rash.  Total  leukocytes  3,950. 
April  18  fever  and  other  symptoms,  but  leukocyte  counts  not  so  low 
(4,150).  April  19  symptoms  persist.  Temperature  104°.  Leukocytes  4,100. 
April  20  leukopenia  persists  (2,900),  otherwise  normal.  April  21  temr 
perature  98.6°,  leukocyte  total  4,100.  April  22  normal.  April  23  dis- 
charged from  hospital.  June  12  blood  serum  collected  and  stored  in  sealed 
ampules. 

Summary. — Infectious  material  forty-nine  A.  segypti  of  lot  9  in- 
fected A.  V.  3-A  forty-five  days  previously.  Incubation  period  five  days. 
Fever,  type  intermittent;  duration  four  and  one-half  days;  height  101°  F. 
Leukopenia  extreme;  low  point  2,900;  duration  six  days;  "W"-type  curve; 
large  vacuolated  monocytes  noted  on  second  day  following  normal  tem- 
perature. Rash  primary  from  first  to  second  day  of  fever.  Virus  trans- 
ferred through  A.  ssgypti,  lot  12  to  A.  V.  9-D. 

CONCLUSIONS 

1.  Experiment  1  was  negative.  The  subcutaneous  injection  of  filtered 
(Handler  filter)  blood  collected  from  Filipino  volunteers  13,  14,  and 
16,  after  they  had  been  bitten  four,  five,  and  six  days  previously  by 
dengue-infected  mosquitoes    (lots  9  and  10),  did  not  result  in  dengue. 

2.  The  occurrence  of  dengue  fever,  five  days  after  feeding  forty-five 
dengue-infected  A.  segypti  of  lot  9,  proved  the  infectivity  of  this  lot  and 
the  susceptibility  of  the  volunteer  to  dengue. 

TEST  FOR  IMMUNITY  ONE  YEAR  LATER 

April  16,  1930,  or  three  hundred  sixty-nine  days  after  infection,  A.  V. 
6-Rison  was  bitten  by  ten  A.  segypti,  lot  190  in  order  to  test  the  duration 
of  the  immunity  produced  by  one  attack  of  dengue.  This  man  had  not 
had  dengue  in  the  intervening  period.  As  dengue  did  not  develop  it  may 
be  concluded  that  Rison  was  immunized  by  the  experimental  attack  in 
April,  1929,  and  that  he  had  been  protected  for  at  least  one  year.  The 
infectivity  of  lot  190  was  proved  subsequently  by  the  transmission  of 
dengue  from  this  lot  to  A.  V.  95-D. 

Dengue  volunteer  (American)  7. 

Murray,  Merrill,  Pvt.  (A.  S.  N.  6769925),  Det.  Med.  Dept.,  Sternberg 
General  Hospital,  Manila;  age  29  years;  white;  total  service  two  years; 
tropical  service  six  months;  born  in  Missouri;  lived  in  Elmwood,  Nebraska. 
Arrived   in   Philippine   Islands   July,   1928.     No   history   of    dengue.     Ad- 
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mitted  to  experimjental  ward  March  27,  1929  (R.  N.  100129).  Physical 
examination  and  routine  laboratory  examinations  showed  him  to  be  normal. 
Preliminary  observation  period  nine  days,  March  27  to  April  5,  1929,  during 
which  there  was  no  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1, — April  5.  This  man  was  given  a  subcutaneous  injection 
of  0.5  cubic  centimeter  of  pooled  filtered  citrated  blood  collected  April  1, 
2,  3,  and  4,  from  Filipino  volunteers  13,  14,  and  16,  who  had  been  bitten 
seven,  eight,  nine,  and  ten  days  previously  by  dengue-infected  A.  segypti 
of  lots  9  and  10.  Dengue  fever  did  not  develop  between  April  5  and 
13,  a  period  of  eight  days. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material — April  13,  bitten  by  fifty-one  infective  A,  segypti 
lot  10,  which  forty-five  days  previously  had  taken  blood  from  volunteer 
A.  V.  4-^Y,  during  his  first  day  of  dengue  fever.  This  lot  of  mosquitoes 
had  produced  dengue  in  A.  V.  5-M  and  later  carried  the  virus  to  A.  V. 
10-H.  April  13  to  25,  and  for  several  weeks  after  discharge,  he  remained 
normal.  Since  dengue  did  not  develop,  this  volunteer  was  considered  to 
be  immune,  however,  "irritation"  cells  were  observed  April  19.  June  13 
blood  serum  collected  and  stored  in  ampules. 

CONCLUSION 

Experiment  1  inconclusive,  because  this  volunteer  was  immune  to  dengue. 
Dengue  volunteer  (American)  8. 

Gadoury,  Eugene  J.,  Pvt.  (A.  S.  N.  6129819),  Det.  Med.  Dept.,  Sternberg 
General  Hospital,  Manila;  age  18  years;  white;  total  service  three  years; 
tropical  service  one  week.  Born  in  Rhode  Island.  Arrived  in  Philippine 
Islands  April,  1929.  No  history  of  dengue.  Admitted  to  experimental 
ward  April  8,  1929  (R.  N.  100426).  Physical  examination  and  routine 
laboratory  examinations  showed  him  to  be  normal.  Preliminary  observa- 
tion period  nine  days,  April  8  to  17,  1929.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1, — ^April  17  bitten  by  eighty-two  A.  xgypti  of  lot  13,  which 
had  fed  nineteen,  twenty,  and  twenty-one  days  previously  on  volunteers 
(Filipino)  13,  14,  and  16,  after  these  men  had  been  bitten  one,  two,  and 
three  days  previously  by  dengue-infected  A-  segypti  of  lots  9  and  10. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material, — April  25  bitten  by  twenty-nine  dengue-infected  A, 
segypti  of  lots  9  and  10. 

Incubation  period, — April  25  to  30,  five  days. 

Dengue  fever, — April  30,  onset  in  afternoon  with  temperature  100°, 
leukocyte  count  5,350,  headache  and  generalized  pains;  no  rash.  May  1 
fever  higher,  103.2%  leukopenia  extreme  (4,200  and  3,100),  other  symptoms 
persist;  slight  rash.  (Note:  One  hundred  ninety-six  normal  A,  ssgypti 
took  blood  and  were  designated  lot  18,  later  used  to  produce  dengue  in 
volunteer  A.  V.  13-W.)     May  2  temperature  lower  but  other  symptoms 
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persist.  May  3  feels  better  but  still  has  fever  and  leukopenia.  May  4 
temperature  normal  in  a.  m.,  but  102°  at  8  p.  m.;  leukopenia  persists. 
May  5  temperature  about  normal;  leukopenia  reached  extreme  (a.  m. 
3,350  and  p.  m.  2,350)  ;  feels  much  better;  no  rash.  May  6  normal  except 
for  leukopenia.  May  7  normal  except  for  slight  leukopenia.  May  8  to 
10  normal.     May  10  discharged  from  hospital. 

Summary. — Infectious  material  twenty-nine  A.  asgypti^  lots  9  and  10, 
which  were  infected  from  A.  V.  3-A  and  A.  V.  4-Y,  fifty-nine  and  fifty- 
seven  days  previously.  Incubation  period  five  days.  Fever,  type  inter- 
mittent; duration  five  and  one-fourth  days;  height  103.2°  F.  Leukopenia 
extreme;  low  point  2,350;  duration  six  and  one-half  days;  "W"-type  curve. 
Large  vacuolated  monocytes  on  last  day  of  fever  and  for  the  following 
two  days.  Hash  none.  Virus  transferred  through  A.  segypti  lot  18  to 
A.  V.  13-W. 

CONCLUSIONS 

1.  Experiment  1  negative;  lot  13  A.  aegypti  failed  to  transmit  dengue, 
indicating  that  virus  was  not  present  in  Filipino  volunteers  13,  14,  and 
16,  on  the  first,  second,  and  third  days  following  the  feeding  of  infective 
mosquitoes. 

2.  The  development  of  dengue  after  feeding  A.  aegypti,  lots  9  and  10 
combined,  proved  that  one  or  both  lots  were  infected  and  demonstrated  the 
susceptibility  of  this  volunteer  to  dengue. 

Dengue  volunteer  (American)  9. 

DoucETTE,  Arthur  O.,  Pvt.  (A.  S.  N.  6121318),  Det.  Med.  Dept.,  Stern- 
berg General  Hospital,  Manila;  age  21  years;  white;  total  service  three 
and  one-half  years;  tropical  service  two  weeks.  Bom  in  Massachusetts; 
lived  in  Attleboro,  Massachusetts.  Arrived  in  Philippine  Islands,  March, 
1929.  History  of  dengue  negative.  Admitted  to  experimental  ward  April 
11,  1929  (R.  N.  100452).  Physical  examination  and  routine  laboratory 
examinations  showed  him  to  be  normal.  Preliminary  observation  period 
eight  days,  April  11  to  19,  1929.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — April  20  bitten  by  ninety-three  A.  asgypti  of  lot  14,  which 
had  fed  twenty,  twenty-one,  and  nineteen  days  previously  on  Filipino  vol- 
unteers 13,  14,  and  16,  four,  five,  and  six  days  after  the  latter  had  been 
bitten  (March  25)  by  dengue-infected  A.  segypti  of  lots  9  and  10.  April 
20  to  29  no  evidence  of  dengue. 

DENGUE   SUSCEPTIBILITY   TEST 

April  29  bitten  by  thirty-nine  A.  segypti,  lot  11,  which  had  fed  thirteen 
days  previously  on  A.V.  5-M,  during  the  third  day  of  dengue  fever.  April 
29  to  May  8  no  evidence  of  dengue.  Note:  Mosquitoes  of  lot  11  were 
not  infected,  as  was  further  shown  by  their  failure  to  infect  volunteer  A.V. 
12-S. 

Infections  material. — May  8  bitten  by  fifteen  dengue-infected  A.  segypti 
of  lot  12,  which  twenty-two  days  previously  had  fed  on  volunteer  A.V. 
6-R,  during  the  first  day  of  dengue  fever. 

Incubation  period. — May  8  to  14,  six  days. 
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Dengue  fever. — May  14  onset  during  morning  with  fever,  slight  leuko- 
penia, headache,  pain  in  muscles  of  eyes  and  legs.  No  rash.  [Note:  (a) 
One  hundred  seventy-one  normal  A.  segypti  fed  and  were  designated  lot  19. 
These  mosquitoes  were  later  proved  infective  by  transmitting  dengue  to 
volunteer  A.V.  14-A.  (6)  Blood  collected  in  citrate  for  injection  of  monkeys 
20  and  21.  (c)  Serum  collected.]  May  15  symptoms  persist;  leukopenia 
persists;  fever  lower  in  evening.  [Note:  (a)  a.  m.  one  hundred  eighty 
normal  A.  asgypti  fed  and  were  designated  lot  20;  not  tested.  (b)  Blood 
collected  for  cultures  and  for  injection  of  guinea  pigs  2  and  3,  monkeys 
20  and  21,  and  rabbits  1  and  2.]  May  16  recurrence  of  fever,  leukopenia 
progressing;  pronounced  macular  rash  over  chest  and  back;  other  symp- 
toms persist.  May  17  fever  higher;  other  symptoms  persist.  May  18 
fever  and  leukopenia  persist  (2,850).  May  19  feels  better;  symptoms  sub- 
siding, but  leukopenia  persists  (3,400).  May  20  normal  except  leuko- 
cyte count,  4,450.  May  21  and  22  leukocyte  5,150  and  5,450.  May  23 
recovered,  discharged. 

Summary. — Infectious  material  fifteen  A.  asgypti  lot  12,  which  were 
infected  from  A.V.  6-R,  twenty-eight  days  previously.  Incubation  period 
six  days.  Fever,  type  intermittent;  duration  four  and  one-half  days; 
height  102.8°  F.  Leukopenia  extreme;  low  point  2,850;  duration  seven 
days;  "U"-type  curve.  Large  vacuolated  monocytes  on  first  and  second 
days  after  temperature  returned  to  normal.  Rash  appeared  third  day  of 
fever.     Virus  transferred  through  A,  pegypti  dot  19  to  volunteer  A.V.  14-A. 

CONCLUSIONS 

1.  Experiment  1  was  negative,  indicating  that  A.  segypti  of  lot  14  were 
not  infected  with  dengue  virus. 

2.  First  susceptibility  test  indicated  that  A.  segypti  of  lot  11  were  not 
infected  with  dengue  virus. 

3.  Second  susceptibility  test  proved  the  infectivity  of  lot  12  and  the 
susceptibility  of  the  volunteer  to  dengue. 

Dengue  volunteer  (American)  10. 

Hampton,  Rolf,  Pvt.  (A.  S.  N.  6541341),  31st  Inf.,  Cuartel  de  Espafia, 
Manila;  age  31  years;  white;  total  service  three  months;  tropical  service 
two  weeks.  Born  and  lived  in  MoUered,  Iowa.  Arrived  in  Philippine 
Islands  March,  1929.  No  history  of  dengue.  Admitted  to  experimental 
ward  April  12,  1929  (R.  N.  100459).  Physical  and  routine  laboratory 
examinations  showed  him  to  be  normal.  Preliminary  observation  period 
eight  days,  April  12  to  20,  1929,  during  which  there  was  no  evidence  of 
dengue  fever. 

EXPERIMENTAL.      TO  DETERMINE  THE  FILTERABILITY  OF  DENGUE  VIRUS  AS  IT 
EXISTS  IN  INFECTED  A.  ^GYPTI 

Infectious  mateHal. — April  20  fifty  dengue-infected  A.  segypti  of  lot 
10,  which  had  fed  fifty-two  days  previously  on  volunteer  A.V.  4-Y,  during 
the  second  day  of  dengue  fever,  were  macerated  in  a  porcelain  mortar 
with  sterile  sand  and  suspended  in  a  small  amount  of  physiologic  salt 
solution.  The  suspension  was  then  filtered  through  a  Mandler  filter  (pre- 
liminary type,  our  No.  1)    which  prevented  the  passage  of  fresh  young 
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culture  of  M,  melitensis.  Six  cubic  centimeters  of  the  8  cubic  centimeters 
of  bacteria-free  filtrate,  or  a  portion  representing  about  thirty-seven  mos- 
quitoes, was  immediately  injected  subcutaneously  into  A.V.  10-H. 

Incubation  period, — April  20  to  28,  eight  days. 

Dengue  fever. — April  28  onset  in  morning  with  fever,  leukopenia,  head- 
ache, backache,  pain  in  muscles  of  eyes,  aching  in  bones,  and  a  slight  rash. 
April  29  temperature  lower,  leukopenia  extreme,  rash  has  almost  dis- 
appeared, aches  and  pains  more  severe.  (Note:  One  hundi*ed  ninety-six 
normal  A.  ssgypti  fed,  designated  as  lot  17,  and  later  used  to  produce  den- 
gue in  volunteer  A.V.  12-S.)  April  30  symptoms  persist.  May  1  tem- 
perature higher  again  in  afternoon,  forming  second  rise  of  typical  **saddle" 
type;  leukopenia  extreme  (2,950).  May  2  as  before.  May  3  normal 
except  leukocyte  counts  are  still  below  normal.  May  4  to  6  normal.  May 
6  discharged. 
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Fig,  77.     Experimental  dengue  in  American  volunteer  10. 


Summary, — Infectious  material  Mandler  (preliminary  type)  filtrate  of 
thirty-seven  A,  segypti,  lot  10.  Incubation  period  eight  days.  Fever,  type 
intermittent;  duration  five  and  one-half  days;  height  103.2°.  Leukopenia 
extreme;  low  point  2,800;  duration  six  days;  **V"-type  curve.  Large  va- 
cuolated monocytes  first,  second,  and  third  days  after  subsidence  of  the 
fever.  Rash  primary,  slight.  Virus  transferred  through  A,  segypti  lot 
17  to  A.V.  12^S. 

CONCLUSION 

The  virus  present  in  a  saline  suspension  of  A.  mgypti  of  lot  10  passed 
through  a  preliminary  Mandler  filter  and  caused  typical  dengue  fever  in 
man. 
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Dengue  volunteer  (American)  11. 

Bernstein,  Morris,  Pvt.  (A.  S.  N.  6541304),  31st  Inf.,  Cuartel  de  Es- 
pana,  Manila;  age  21  years;  white;  total  service  three  months;  tropical 
service  two  weeks.  Bom  in  Denmark;  lived  in  Ohio.  Arrived  in  Philippine 
Islands,  1929.  History  of  dengue  negative.  Admitted  to  experimental 
ward  April  12,  1929  (R.  N.  100460).  Physical  examination  and  routine 
laboratory  examinations  showed  him  to  be  normal.  April  17.  Leukocyte 
count  of  17,000.  Slight  pain  right  lower  quadrant  of  abdomen.  No  rigid- 
ity. Preliminary  observation  period  eight  days,  April  12  to  20,  1929.  No 
evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — April  20  injected  subcutaneously  with  2  cubic  centime- 
ters of  filtered  blood  collected  twenty-four  hours  previously  from  Igorote 
dengue  patient  (H.  Formakao)  during  the  fourth  day  of  dengue  fever, 
and  which  was  filtered  through  a  Mandler  candle.  Dengue  did  not  de- 
velop in  ten  days.  Since  the  susceptibility  of  this  volunteer  was  not 
determined,  the  negative  result  obtained  in  this  experiment  has  no  signif- 
icance. 

Dengue  volunteer  (American)  12. 

Scorr,  Henry,  Pvt.  (A.  S.  N.  6810279),  31st  Inf.,  Cuartel  de  Espana; 
age  28  years;  white;  total  service  three  months;  tropical  service  three 
weeks.  Born  in  Pennsylvania;  lived  in  Pittsburg,  Pennsylvania.  Arrived 
in  Philippine  Islands  March,  1929.  History  of  dengue  negative.  Admitted 
to  experimental  ward  April  15,  1929  (R.  N.  100485).  Physical  exam- 
inations and  routine  laboratory  tests  showed  him  to  be  normal.  Prelim- 
inary observation  period  eight  days,  April  15  to  23,  1929.  No  evidence  of 
dengue  fever. 

EXPERIMENTAL 

Experiment  1, — April  23  bitten  by  one  hundred  sixty  A.  segypti  of  lot 
15,  which  had  fed  eighteen,  nineteen,  twenty,  and  twenty-one  days  pre- 
viously on  Filipino  volunteers  13,  14,  and  16,  seven,  eight,  nine,  and  ten 
days  after  the  latter  had  been  bitten  by  dengue-infected  mosquitoes  of 
lots  9  and  10.     May  2  no  evidence  of  dengue. 

DENGUE  SUSCEPTIBILITY  TEST 

May  2  bitten  by  forty-one  A,  segypti  of  lot  11,  which  had  fed  sixteen 
days  previously  on  A.V.  5-M,  during  the  third  day  of  dengue  fever. 
Mosquitoes  of  this  lot  were  later  proved  not  infected,  as  they  also  failed 
to  infect  A.V.  9-D. 

Infectious  material, — May  11  bitten  by  seventeen  A.  segypti  of  lot  17 
which,  twelve  days  previously,  had  fed  on  A.V.  10-H,  during  the  second  day 
of  dengue  fever. 

Incubation  period. — May  11  until  17,  six  days.  No  evidence  of  dengue. 
Had  temperature  of  100.2°  May  13  with  blood  count  of  10,000,  due  to  other 
causes. 

Dengue  fever, — May  17,  4  p.  m.,  onset  with  fever  and  headache; 
no  rash.  May  18  fever,  leukopenia,  headache,  and  generalized  aches  and 
pains,  no  rash.  [Note:  (a)  Bitten  by  one  hundred  sixty-two  normal  A. 
segypti  which  were  designated  lot  22,  but  were  not  used.     (6)   Blood  col- 
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lected  in  citrate  for  infection  of  guinea  pigs  4-B  and  5.]  May  19  tempera- 
ture lower;  leukopenia  extreme.  May  20  as  before.  May  21  temperature 
99  at  6  a.  m.  and  normal  afterwards;  leukocyte  counts  still  below  normal. 
May  23  normal.  May  24  discharged.  (June  12  to  24  serum  collected 
and  stored  in  ampules.) 

Summary. — Infectious  material  seventeen  A,  segypti,  lot  17,  which  were 
infected  from  A.V.  10-H,  twelve  days  previously.  Incubation  period  six 
days.  Fever,  type  intermittent;  duration  five  days;  height  102°  F.  Leu- 
kopenia extreme;  low  point  2,950;  duration  six  days.  Large  vacuolated 
monocytes  sixth  day  of  fever  and  for  two  days  after  recovery.  Rash  none. 
Virus  probably  transferred  to  A,  segypti,  lot  22,  but  these  were  not  tested. 

CONCLUSIONS 

1.  Experiment  1  negative,  indicating  that  A.  segypti,  lot  15,  were  not 
infected  with  dengue  virus. 

2.  (a)  Susceptibility  test  indicated  that  A.  segypti,  lot  11,  were  not 
infected  with  dengue  virus,  probably  due  to  the  fact  that  they  had  fed 
on  the  dengue  patient  on  the  third  day  of  the  disease.  (6)  The  occurrence 
of  dengue  six  days  after  the  feeding  of  seventeen  A.  segypti  of  lot  17, 
proved  the  infectivity  of  this  lot  and  the  susceptibility  of  the  volunteer. 

Dengue  volunteer  (American)  13. 

Weber,  Curt  F.,  Pvt.  (A.  S.  N.  6698356),  Hq.  Co.,  31st  Inf.,  Cuartel 
de  Espafia,  Manila;  age  18  years;  white;  total  service  three  months; 
tropical  service  five  weeks;  born  and  lived  in  New  York.  Arrived  in 
Philippine  Islands  March,  1929.  History  of  dengue  negative.  Admitted 
to  experimental  ward  April  27,  1929  (R.  N.  100586).  Physical  examina- 
tion and  rountine  laboratory  tests  indicated  that  he  was  normal.  Pre- 
liminary observation  period  ten  days,  April  27  to  May  7,  no  evidence 
of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — May  7  this  man  received  a  subcutaneous  injection  of  a 
bacteria-free  filtrate,  which  was  obtained  by  passing  a  saline  suspension  of 
macerated  A,  segypti  lot  16  through  (a)  a  collodion  and  (b)  a  Mandler 
filter.  Dengue  did  not  develop  in  ten  days.  Since  the  mosquitoes  of 
lot  16  were  not  proved  infective  by  biting  a  susceptible  volunteer,  this 
experiment  has  no  significance. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material — May  17  bitten  by  eighty-five  A,  segypti  of  lot  18 
which  sixteen  days  previously  had  fed  on  volunteer  A.V.  8-G  during  the 
first  day  of  dengue  fever. 

Incubation  period. — May  17  to  22,  four  and  one-half  days. 

Dengue  fever. — May  22  onset  at  7  a.  m.  with*  fever  and  headache.     May 

23  fever,  leukopenia,  and  typical  symptoms  of  dengue;  no  rash  noted. 
[Note:  (a)  9  a.  m.  one  hundred  ninety-two  normal  A.  segypti  fed,  and  des- 
ignated as  lot  23.     (6)    Blood  collected  for  guinea-pig  inoculation.]     May 

24  temperature  lower,  but  leukopenia  persists.  May  25  fever  reached  high 
peak  of  second  portion  of  typical  "saddle"  type  (102) ;  leukopenia  extreme. 
May  26  temperature  99.8°  and  99.4°;  leukopenia  persists.  May  27  normal 
except  for  leukopenia.     May  28  to  June  1  normal.    June  1  discharged. 
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Summary, — Infectious  material  eighty-five  Aedes  segypti  of  lot  18,  which 
were  infected  from  A.V.  8-G  sixteen  days  previously.  Incubation  period 
four  atid  one-half  days.  Fever,  type  remittent;  duration  five  days;  height 
102.  Leukopenia  extreme;  duration  five  days;;  low  point  2,400;  "V-type 
curve.  Rash  none.  Virus  transferred  to  A.  segypti,  lot  23,  but  these  mos- 
quitoes were  discarded. 

CONCLUSIONS 

1.  Experiment  1  inconclusive. 

2.  The  development  of  dengue  fever  after  feeding  A,  segypti,  lot  18, 
proved  the  infectivity  of  the  mosquitoes  and  the  susceptibility  of  the  vol- 
unteer. 

TEST  FOR  IMMUNITY  EIGHT  MONTHS  LATER 

February  3,  1930,  or  more  than  eight  months  after  Weber  had  re- 
covered from  experimental  dengue  (May  28,  1929),  he  was  bitten  by  ten 
dengue-infected  A.  segypti  of  lot  135,  in  order  to  test  the  duration  of  the 
immunity  produced  by  one  attack  of  dengue;  this  man  had  not  been  sick 
in  the  intervening  period.  Since  no  evidence  of  dengue  appeared  during 
twelve  days  of  observation,  it  may  be  concluded  that  Weber  was  immu- 
nized by  the  experimental  attack  in  May,  1929,  and  that  this  immunity 
protected  him  for  more  than  eight  months. 

Dengue  volunteer   (American)   14. 

Andrews,  Joseph,  Pvt.  (A.  S.  N.  6539985),  *'B''  Co.,  31st  Inf.,  Cuartel 
de  Espana,  Manila;  age  22  years;  white;  total  service  eight  months;  trop- 
ical service  six  months;  born  in  Texas;  lived  in  Texas  and  California. 
Arrived  in  Philippine  Islands  October,  1928.  History  of  dengue  negative. 
Admitted  to  experimental  ward  May  28,  1929  (R.  N.  100855).  Physical 
examination  and  routine  laboratory  examinations  showed  him  to  be  normal. 
Preliminary  observation  period  eight  days.  May  28  to  June  5,  1929.  No 
evidence  of  dengue  fever. 

experimental 

Experiment  1, — June  5  bitten  by  forty-five  A.  segypti  of  lot  21,  which 
had  taken  blood  eighteen  days  previously  from  guinea  pig  3,  three  days 
after  that  animal  had  been  injected  intratesticularly  with  1  cubic  cen- 
timeter of  fresh  citrated  blood  drawn  during  the  second  day  of  dengue 
fever  from  A.V.  9-D.     June  5  to  13  no  evidence  of  dengue  noted. 

Experiment  2, — June  13  a  filtered  saline  suspension  of  thirty-seven  A. 
segypti  lot  21  was  subcutaneously  injected.  (After  removing  legs  and  wings 
these  mosquitoes  were  macerated  with  5  cubic  centimeters  of  0.85  per 
cent  salt  solution  and  sterile  sand  in  a  porcelain  mortar,  the  material  was 
then  filtered  through  a  regular  type  of  Mandler  filter  which  held  back 
young  cultures  of  M,  melitensis,)  June  13  to  20  no  evidence  of  dengue 
fever. 

dengue  susceptibility  test 

Infectious  material. — June  20  bitten  by  twelve  A.  segypti  of  lot  19, 
which  had  fed  thirty-seven  days  previously  on  a  volunteer  (A.  M.  9-Dou- 
cette)   during  the  first  day  of  dengue  fever. 

Incubation  period, — June  20  to  26,  five  and  one-half  days. 
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Dengue  fever. — June  26.  Chilly  sensation  last  night.  To-day  is  very 
sick;  headache,  eyes  ache,  muscular  pains,  fever  high,  103°,  and  leukopenia 
extreme  (4,925).  Note:  three  hundred  sixty-three  normal  A.  aegypti  fed 
and  designated  as  lot  25,  and  later  used  to  infect  volunteer  A.V.  21-M 
and  A.V.  22-M,  and  for  filtration  experiments.  Blood  was  collected  at 
the  same  time  to  test  freezing  technic  for  preservation  of  virus.  (See 
A.V.  28-P.)  June  27  temperature  103.2%  leukopenia  (3,800),  symptoms 
as  before.  June  28  temperature  101°,  leukopenia  (3,350).  June  29  fever 
reached  peak  of  103°,  leukopenia  (3,300) ;  symptoms  severe;  generalized 
rash  appeared  in  morning.  June  30  as  before,  high  fever  103°,  leukopenia 
(2,850).  July  1  temperature  99°,  feels  well,  but  weak;  leukopenia  persists 
(3,200).  July  2  normal  except  for  leukopenia  (4,100).  July  3  last  day  of 
leukopenia    (5,100).     July  4  normal.     July  6  discharged  from  hospital. 

Summary. — Infectious  material  twelve  A.  segypti  lot  19,  which  were 
infected  from  A.V.  9-D,  thirty-seven  days  previously.  Incubation  pe- 
riod five  and  one-half  days.  Fever,  type  continuous;  duration  five  days; 
height  103.8°  F.  Leukopenia  extreme;  low  point  2,830;  duration  eight  days; 
**V"-type  curve;  large  vacuolated  monocytes  appeared  on  first  and  second 
days  of  fever  and  on  third,  fourth,  fifth,  and  sixth  days  after  temperature 
became  normal.  Rash  terminal  (secondary)  first  noted  on  the  fourth 
day  of  disease,  at  beginning  of  second  rise  in  temperature.  Virus  trans- 
ferred through  A.  segypti  lot  25  to  A.V.  21-M. 

CONCLUSIONS 

1.  Experiment  1  negative,  indicating  that  A.  segypti  of  lot  21  were  not 
infected   with   dengue. 

2.  Experiment  2  negative,  same  conclusion. 

3.  The  development  of  typical  dengue  after  feeding  A.  segypti  lot  19 
proved  the  infectivity  of  this  lot  and  the  susceptibility  of  Andrews  to 
dengue. 

American  volunteers  15  to  19,  inclusive,  were  not  isolated  in  the  mos- 
quito-proof ward  and,  for  that  reason,  are  not  included  in  this  appendix. 

Dengue  volunteer  (American)  20. 

BoCHENBK,  Frank  B.,  Pvt.  (A.  S.  N.  6702596),  "E''  Co.,  31st  Inf., 
Cuartel  de  Espana,  Manila;  age  18  years;  race  white;  total  service  four 
months;  tropical  service  about  one  week.  Born  in  New  Jersey;  lived  in 
New  Jersey.  Arrived  in  Philippine  Islands  June,  1929.  History  of  den- 
gue negative.  Admitted  to  experimental  ward  June  21,  1929  (R.  N. 
101079).  Physical  and  routine  laboratory  examinations  showed  him  to 
be  normal.  Preliminary  observation  period  eight  days,  June  21  to  June 
29,  1929.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

ExpeHment  1. — June  29  this  man  received  a  subcutaneous  injection  of 
3  cubic  centimeters  (equivalent  to  fifteen  mosquitoes)  of  a  filtered  saline 
suspension  prepared  with  A.  segypti  of  lot  25,  which  had  fed  three  days 
previously  on  a  volunteer  A.V.  14-A  during  the  first  day  of  dengue 
fever.  (Forty  of  the  mosquitoes  were  macerated  in  15  cubic  centimeters 
of  physiologic  salt  solution  and  passed  through  a  Handler  filter,  our 
No.  10.)     June  29  to  July  11  no  evidence  of  dengue  fever. 
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Experiment  2, — July  11  this  man  was  again  given  a  subcutaneous  in- 
jection of  1  cubic  centimeter  (equivalent  to  ten  mosquitoes)  of  a  filtered 
saline  suspension  of  A,  ssgypti  of  lot  25,  which  had  fed  fifteen  days 
previously  on  A.V.  14-A.  (Sixty  of  the  mosquitoes  were  macerated, 
suspended  in  6  cubic  centimeters  of  physiologic  salt  solution,  and  passed 
at  400  millimeters  negative  pressure,  through  Handler  filter,  our  No. 
10,  which  allowed  the  passage  of  air  at  4.4  pounds  pressure  and  which 
retained  bacteria.)     July  11  to  20  no  evidence  of  dengue  fever. 

Experiment  S, — July  20,  1.30  p.  m.,  this  man  was  given  a  subcuta- 
neous injection  of  2.5  cubic  centimeters  (7.5  mosquitoes)  of  ^  a  filtered 
saline  suspension  prepared  with  dengue-infected  A.  ssgypti  of  lots  19, 
22,  and  25,  which  had  fed  sixty-seven,  sixty-three,  and  twenty-four  days 
previously  on  A.V.  9-D,  A.V.  12-S,  and  A.V.  14-A  during  the  first 
or  second  day  of  dengue  fever.  (After  maceration,  a  sterile  filtrate  was 
obtained  by  passing  the  suspension  through  an  intermediate  type  of  Han- 
dler filter,  our  No.  7.)     July  20  to  July  29  no  evidence  of  dengrue  fever. 

DENGUE   SUSCEPTIBILITY  TEST 

Infectious  material. — July  29,  10  a.  m.,  bitten  by  nine  A.  segypti  of  lot 
30  which  had  taken  blood  thirteen  days  previously  from  A.V.  22-M  during 
his  first  day  of  dengue  fever. 

Incubation  period. — July  29,  10  a.  m.,  to  August  4,  10  a.  m.,  six 
days. 

Dengue  fever. — August  4,  a.  m.,  temperature  99.6°.  Gfeneralized  rash 
particularly  marked  over  chest  and  back.  Patient  complains  of  sore  throat 
but  on  inspection  there  is  no  evidence  of  inflammation;  slight  aching 
of  the  muscles  of  the  eyes;  leukocytes  count  normal;  temperature  100' 
at  4  p.  m.  August  5  fever  slight,  100.4°  at  noon;  symptoms  including 
rash  persist.  Note:  one  hundred  ninety-three  normal  A,  segypti  took  blood 
at  1.15  p.  m.  designated  as  lot  40  and  fed  twenty-one  days  later  on 
volunteer  A.  V.  29-J  but  the  latter  was  already  in  incubation  period  of 
dengue  fever  caused  by  filtered  virus  derived  from  lot  32  Aedes  segypti. 
August  6  temperature  100.4  at  8  a.  m.,  normal  at  noon,  and  99.2  at  8 
p.  m.;  leukopenia.  August  7  temperature  100  at  4  p.  m.;  slight  headache 
and  pain  around  eyes,  backache,  anorexia;  "cigarettes  taste  bad.*'  Rash 
is  now  more  discrete.  Complains  of  sore  throat,  has  leukopenia.  .Au- 
gust 8  rash  itches,  leukopenia  count  just  below  6,500.  August  10  and 
11  normal.     August  11  discharged. 

Summary. — Infectious  material  nine  A.  segypti  of  lot  30  which  were 
infected  from  A.V.  22-M  thirteen  days  previously.  Incubation  period 
six  days.  Fever,  duration  three  and  one-half  days;  type  irregular  and 
mild;  height  100.4.  Leukopenia,  duration  three  and  one-half  days;  low 
point  4,200;  "V"-type  curve;  large  vacuolated  monocytes  before,  during, 
and  on  second  day  after  the  temperature  had  returned  to  normal.  Rash 
primary  and  secondary.     Virus  not  transferred. 

CONCLUSIONS 

1.  Filtration  experiments  1,  2,  and  3  were  all  negative. 

2.  The  development  of  dengue  following  the  feeding  of  lot  30  A,  segypti 
proved  the  infectivity  of  this  lot  and  established  the  fact  that  Bochenek 
was  susceptible  to  dengue.     (Note:  The  mild  type  of  dengue  in  this  case 
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might  lead  one  to  wonder  whether  this  was  due  to  a  partial  immunity 
of  long  standing  or  was  a  result  of  partial  immunity  produced  by  the 
three  previous  injections  of  filtrates  from  infected  mosquitoes.) 

TEST  FOR  IMMUNITY  SEVEN  MONTHS  LATER 

March  15,  1930,  or  more  than  seven  months  after  infection,  A.V. 
20-Bochenek  was  bitten  by  eleven  A.  aegypti  of  lot  166  which  had  fed 
February  12  on  A.V.  70-S  during  the  first  day  of  dengue.  Bochenek 
had  not  been  sick  during  the  intervening  period.  As  dengue  did  not 
occur  it  may  be  concluded  that  this  man  was  immunized  by  the  ex- 
perimental attack  in  February,  1929,  and  that  the  immunity  protected 
him  for  more  than  seven  months. 

Dengue  volunteer  (American)  21. 

MiNARD,  Robert  B.,  Pvt.  (A.  S.  N.  6701974),  "E*'  Co.,  31st  Inf.,  Manila; 
age  26  years;  race  white;  total  service  three  years;  tropical  service. 
South  America,  1928;  Philippine  Islands,  two  months.  Born  in  Boston, 
Massachusetts;  lived  in  Boston,  Massachusetts  and  in  South  America.  Ar- 
rived in  Philippine  Islands  April,  1929.  History  of  dengue  negative.  Ad- 
mitted to  experimental  ward  June  21,  1929  (R.  N.  101075).  Physical 
examination  and  routine  laboratory  tests  showed  him  to  be  normal.  Pre- 
liminary observation  period  eight  days,  June  21  to  29;  no  evidence  of 
dengue  fever. 

EXPERIMENTAL 

Experiment  1. — June  29  bitten  by  thirteen  A.  asgypti  of  lot  25,  which 
three  days  previously  had  taken  blood  from,  volunteer  A.V.  14-A  during 
the  first  day  of  dengue  fever.  June  29  to  July  11  no  evidence  of  dengue 
fever. 

DENGUE   SUSCEPTIBILITY   TEST 

Infectious  material. — July  11  bitten  by  fifteen  A.  asgypti  lot  25,  which 
three  days  previously  had  taken  blood  from  volunteer    (A.V.   14-A). 

Incubation  period. — July  11  a.  m.  to  July  15  noon,  five  days. 

Dengue  fever- — July  16,  noon,  fever  102.2°,  leukocytes  7,200,  generalized 
aching.  (Note:  One  hundred  seven  Culex  quinquefasciatus  which  took 
blood  between  7  and  9  p.  m.  and  were  designated  lot  31,  were  later  fed  on 
volunteer  A.V.  31-D  and  A.V.  33-B  with  negative  results.)  July  17 
fever  103;  headache;  leukopenia  began  (4,850) ;  no  rash.  [Note:  (a)  Three 
hundred  ninety-seven  normal  A.  segypti  took  blood  at  10  a.  m.,  were  des- 
ignated lot  32,  and  were  later  used  to  transmit  dengue  to  volunteer  A.V. 
23-P,  to  a  monkey  Macacus  philippinensis  25,  and  to  A,  segypti  lot  44.  (6) 
Blood  was  collected  for  preparation  of  frozen  desiccated  virus,  used  for 
injecting  into  A.V.  24-H  and  A.V.  26-T.]  July  18  fever  102°;  head- 
ache; leukopenia  (3,050).  July  19  temperature  104;  leukopenia  (2,750). 
July  20  temperature  102;  leukopenia  (2,850);  also  asthmatic  attacks. 
July  21  temperature  100;  leukocytes  2,400.  July  22  temperature  normal;  . 
last  day  of  leukopenia  (5,300).  July  23  leukocytes  count  normal.  July 
23  to  26  normal.     July  26   discharged. 

Summary. — Infectious  material  fifteen  A,  segypti  lot  25,  which  were 
infected  from  A.V.  14-A  fifteen  days  previously.  Incubation  period  five 
days.     Fever,  duration  five  and  one-half  days;  height  104°  F.;  continuous. 


330 


APPENDIX 


i 
1 

< 

z 

i 

z 

TEMPERATURE                1 

s    s    s    S    5;| 

LEUKOCYTES 

1  1  i  1  1  1  1  i  1  1- 

GRANULOCYTESRATIO  YOUNG  TO  MAFURE            i 

1            !    .         V         =1 

f 

3 

1 

> 

5 

lU 
LU 

z 
o 

< 
CO 

o 

2 

S 

•^ 

< 

'\ 

/ 

OJ 

"^. 

•%, 

> 

;?; 

< 

\ 

ij 

^ 

CVl 

V 

*^ 

v 

i  1 

V 

CVi 

*** 

¥ 

V 

\r- 

# 

7 

CJ 

/ 

*^ 

*% 

V. 

\ 

'•^1 

^- 

••* 

'".r 

^> 

0 

/ 

k 

\ 

2 

4 

< 

) 

/ 

*  \ 

<H 

■  > 

V  ^ 

-•* 

2 

K 

^ 

,-* 

v 

A 

! 

G 

i- 

:\ 

- 

•:= 

< 

,x 

.*'^. 

^i 

i 

3^ 

" 

•n 

V£ 

^ 

^*. 

1 

r 

\ 

-^ 

I 

^ 

/ 

■■- 

»-. 



!« 

1 

h 

(1 

1 

"*' 

***«.. 

^ 

^** 

/ 

''* 

J 

^ 



^  J 

.^" 

«2 

"Cl 

..,<] 

f 

1 

'■«. 

< 

< 

CVj 

-# 

s 

i 

I 

• 

' 

_= 

__ 

_ 

_j 

-L 

L- 

X 

-t4 

. 

15 

s 

- 

-1- 

1 

^ 

•n 

^ 

1 

_..  _ 

's, 

-"i 

***, 

0^ 

\ 

i= 

^'• 

oa 

L_ 

> 

Vk 

1 

L 

1 

t 

^. 

•^ 

/ 

'/ 

\ 

J 

..'* 

V* 

# 

^ 

\ 

« 

1 

Si 
u. 

5: 

Ifi 

- 

% 

\ 

j 

r 

•  i. 

^i 

1 

•^ 

I' 

N 

1 

1- 

<r. 

t 

*X 

It 

-s 

::;:: 

-^ 

^~ 

! 

' 

l> 

1 

- 

• 

■■^., 

2 

->— 

« 

'^ 

) 

j' 

-^■' 

s 

,*' 

!►_ 

^ 

} 

' 

^ 

r" 

SI 

, 

-A 

^ 

_ 

■: ... 

|j 

1 

" 

Q 

s 

\ 

^ 

.  .J 

it 

- 

^- 

> 

0 

*\J 

V 

: 

lU 

0- 

"^ 

^ 

1 

-U 

5 

^ 

ii 

ol 

< 

\{ 

; 

; 

^ 

^- 

z 

ffl 

"k 

g 

^, 

j 

A 

' 

1.. 

W^ 

-V 

> 

j) 

^ 

i] 

• 

,/ 

^ 

_J 

-4 

#' 

L-. 

'  \ 

S 

S 

f 

? 

!■ 

5 ' 

i 

->«»i 

L 

-^ 

a 

' 

f 

!_ 

^> 

s    s    5    s    a 

3MniVy3dW31 

lllllillli- 

S3J.A30:in3T 

i 

i 

inivwoioNnoA- 

3!lVM-S31AX)nrif 

APPENDIX  331 

Leukopenia  extreme;  duration  six  days;  "V"-type  curve;  low  point  2,750. 
Large  vacuolated  monocytes  on  last  day  of  fever,  also  on  second,  third, 
and  fourth  days  after  subsidence  of  fever;  rash  none.  Virus  transferred 
through  lot  32  to  volunteer  A.V.  28-P.,  M,  philippinensis  26  and  to  A. 
s&gypti  lot  44. 

CONCLUSIONS 

Experiment  1. — Negative,  proving  that  A,  mgypti  lot  25,  although  in- 
fected, were  not  able  to  transmit  the  virus  three  days  after  they  had  fed 
on  a  case  of  dengue. 

Experiment  2, — The  development  of  dengue,  following  the  feeding  of 
lot  25  mosquitoes  fifteen  days  after  they  had  taken  an  infective  feeding, 
proved  the  inf ectivity  of  these  mosquitoes  and  the  susceptibility  of  the 
volunteer. 

Dengue  volunteer  (American)  22. 

Marsh,  Linwood  I.,  Pvt.  (A.  S.  n!  2616940),  "K^^  Co.,  3-lst  Inf.,  Ma- 
nila; age  28  years;  race  white;  total  service  four  months;  tropical  service 
one  week.  Bom  in  Plainfield,  New  Jersey,  lived  in  N.  J.,  Louisiana,  Flo- 
rida, and  Virginia.  Arrived,  in  Philippine  Islands  June,  1929.  History  of 
dengue  negative.  Admitted  to  experimental  ward  June  22,  1929  (R.  N. 
101085i).  Physical  examination  and  routine  laboratory  examinations 
showed  him  to  be  normal.  Preliminary  observation  period  nine  days,  . 
June  22  to  July  1,  1929.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — July  1  bitten  by  sixty-one  A'edes  segypti  lot  25,  which 
five  days  previously  had  taken  blood  from  A.V.  14-A  during  the  first 
day  of  dengue  fever.     July  1  to  July  11  no  evidence  of  dengue. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material. — July  11  bitten  by  fourteen  A,  segypti  of  lot  25, 
which  fifteen  days  previously  had  taken  blood  from  A.V.  14-A. 

Incubation  period. — July  11  to  15,  four  and  one-half  days. 

Dengue  fever. — July  15,  onset  noon,  fever  100.4°,  leukocytes  8,300;  typ- 
ical symptoms  excepting  rash.  July  16  fever  103  and  leukopenia  began 
(3,150);  headache;  generalized  pains.  Note:  (a)  10  a.  m.,  fed  eighty 
normal  Aedes  albopictus,  which  were  designated  lot  29  and  later  used  to 
transmit  dengue  to  five  volunteers  A.V.  23-B,  A.V.  24~H,  A.V.  25-D, 
A.V.  26-T,  and  A.V.  27--P.  (6)  9  a.  m.  also  fed  one  hundred  ninety- 
two  normal  A.  segypti  which  were  designated  lot  30  and  later  used  to 
transmit  dengue  to  volunteer  A.V,  20-B.  (c)  Blood  was  collected  and  used 
for  (1)  preparation  of  frozen  desiccated  virus,  (2)  serum,  (3)  cultures 
and  (4)  for  inoculation  into  chickens.  July  17  temperature  101.4;  leuko- 
cytes 2,700.  July  18  temperature  101;  leukocytes  2,350.  July  19  tem- 
perature 101;  leukocytes  2,150.  July  20  temperature  101.2;  leukocytes 
3,050;  symptoms  persist  with  leukopenia.  July  21  temperature  normal; 
leukopenia    (3,650),  otherwise  normal.     July  25  discharged. 

Summary.— Infectious  material  fourteen  Aedes  segypti  lot  25,  which 
were  infected  from  A.  V.  14-A  fifteen  days  previously.  Incubation  pe- 
riod   four    and    one-half   days.     Fever,   type    intermittent;    duration    five 
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days;  height  103;  leukopenia  extreme;  low  point  2,150;  duration  seven 
days;  "U'*-type  curve;  large  vacuolated  monocytes  noted  July  21,  22,  and 
23,  following  subsidence  of  fever;  rash  none.  Virus  transferred  through 
Aedes  albopictus  lot  29  to  A.V.  23-B,  A.V.  24-H,  A.V.  25-D,  A.V.  26-T, 
and  A.V.  27-P  and  through  A,  asgypti  of  lot  30  to  A.V.  20-B. 

CONCLUSIONS 

Aedes  segypti  of  lot  25  were  not. able  to  transmit  the  virus  five  days 
after  they  had  fed  on  a  case  of  dengue  fever,  but  the  development  of 
dengue  following  the  biting  of  these  same  mosquitoes  lot  25,  fifteen  days 
after  their  infective  blood  feeding,  proved  their  infectivity  and  the  sus- 
ceptibility of  the  volunteer. 

Dengue  volunteer  (American)  23. 

Beaudrot,  John  N.,  Pvt.  (A.  S.  N.  6812083),  "K^'  Co.,  31st  Inf.,  Manila; 
age  22  years;,  race  white;  total  service  two  months;  tropical  service  one 
week.  Born  in  Charleston,  S.  C;  lived  in  South  Carolina  only.  Arrived 
in  Philippine  Islands  June,  1929.  History  of  dengue  negative.  Admitted 
to  experimental  ward,  June  22,  (R.  N.  101086).  Physical  and  routine  labor- 
atory examinations  showed  him  to  be  normal.  Preliminary  observation 
period  nine  days,  June  22  to  July  1.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — July  1  this  man  received  a  subcutaneous  injection  of 
3  cubic  centimeters  of  a  filtered  saline  suspension  of  dengue-infected  A, 
ssgypti  lot  25,  which  five  days  previously  had  taken  blood  from  volunteer 
(Am.)  14-Andrews  on  the  first  day  of  dengue  fever.  (Forty  of  the  mos- 
quitoes were  macerated  in  a  sterile  porcelain  mortar  with  sand  and  6 
cubic  centimeters  of  0.85  per  cent  salt  solution,  the  suspension  was  then 
filtered  through  a  Handler  filter,  our  No.  10.  Three  cubic  centimeters 
of  the  filtrate,  approximately  20  mosquitoes,  were  injected.)  July  1  to 
11  no  evidence  of  dengue. 

Experiment  2. — July  11  this  man  received  a  subcutaneous  injection  of 
3  cubic  centimeters  of  a  filtered  saline  suspension  of  dengue-infected  A. 
segypti  lot  25  which  fifteen  days  previously  had  taken  blood  from  volunteer 
A.V.  14-A  during  the  first  day  of  dengue  fever.  Sixty  mosquitoes  were 
macerated  in  a  porcelain  mortar  with  sand  and  6  cubic  centimeters  phys- 
iological saline  and  then  passed  through  an  intermediate  type  of  Handler 
filter  (our  No.  10)  at  400  millimeters  negative  pressure.  This  filter  al- 
lowed air  to  bubble  through  at  4.4  pounds  pressure.  When  retested  after 
this  experiment  it  showed  bubbles  at  base  at  normal  pressure.  However, 
it  still  prevented  the  passage  of  bacteria.  July  11  to  20  no  evidence  of 
dengue. 

Experiment  3. — July  20  this  man  received  a  subcutaneous  injection  of 
a  filtered  saline  suspension  of  fifteen  dengue-infected  A.  ssgypti  lots  19, 
22,  and  25,  which  sixty-seven,  forty-two,  and  twenty-four  days  previously 
had  taken  blood  from  volunteers  A.V.  9-D,  A.V.  12~S,  and  A.V.  14-A 
during  dengue  fever.  These  mosquitoes  were  macerated  in  a  porcelain 
mortar  with  sand  and  3  cubic  centimeters  of  physiological  salt  solution, 
filtered  through  an  intermediate  type  of  Handler  filter  (our  No.  8),  and 
1.5  cubic  centimeters  equivalent  to  7.5  mosquitoes  was  injected.     Cultures 
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of  this  filtrate  showed  StaphUococciis  alhus  on  July  31.     July  20  to  29 
no  evidence  of  dengue. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material. — July  29,  9.45  a.  m.,  bitten  by  twelve  Aedes  albo- 
jyictus  of  lot  29,  which  thirteen  days  previously  had  taken  blood  from 
volunteer  (Am.)  22-Marsh  during  the  first  day  of  dengue  fever. 

Incubation  period, — Seven  days,  July  29  to  August  5. 

Dengue  fever, — August  5,  noon,  temperature  100,  face  intensely  flushed 
and  mottled  red;  looks  like  sxmburn.  Hard  palate  very  red  with  mottled 
appearance.  Many  acnelike  inflammatory  papules  on  back.  August  6 
fever  and  generalized  pain;  rash.  August  7  fever;  pains  continue;  leuko- 
penia. Note:  one  hundred  ninety-six  normal  A,  segypti  fed,  designated 
lot  41,  and  later  transmitted  dengue  to  A.V.  30-L.  August  8  fever;  gen- 
eralized pain  in  head,  eyes,  back,  knees,  and  elbows;  leukopenia.  August 
9  slight  pain  in  head  and  around  eyes;  no  appetite.  August  10  slight 
itching  rash;  temperature  normal.  August  11  no  change.  August  12  still 
has  slight  leukopenia;  otherwise  normal.  August  13  normal.  Discharged 
August  15. 

Summary. — Infectious  material  twelve  Aedes  albopdctus  lot  29  which 
were  infected  from  A.V.  22-M  thirteen  days  previously.  Incubation  period 
seven  days.  Fever,  type  intermittent;  duration  four  and  one-half  days; 
height  101.4°  F.  Leukopenia  extreme;  low  point  2,150;  duration  six  days; 
"V"-type  curve.  Vacuolated  monocytes  on  last  day  of  fever,  irregularly 
for  five  days  afterwards.  Rash  primary  and  secondary.  Virus  continued 
through  A,  segypti  lot  41  to  A.V.  30-L. 

CONCLUSIONS 

1.  Experiments  1,  2,  and  3  were  negative,  demonstrating  that  infective 
dengue  virus  in  the  saline  suspensions  of  known  infected  A,  aegypti  did 
not  pass  through  the  Handler  filter  used. 

2.  The  development  of  dengue  fever  seven  days  after  the  feeding  of 
twelve  A.  albopictus  to  lot  29  proved  the  infectivity  of  these  mosquitoes 
and  the  susceptibility  of  the  volunteer  to  dengue. 

Dengue  volunteer  (American)  24. 

Heist,  Osborne  H.,  Pvt.  (A.  S.  N.  6701899),  "I^'  Co.,  31st  Inf.,  Manila; 
age  25  years;  race  white;  total  service  three  months;  tropical  service  two 
weeks.  Born  in  Pottstown,  Pennsylvania;  lived  in  Pennsylvania.  Arrived 
in  Philipine  Islands,  June,  1929.  History  of  dengue  negative.  Admitted 
to  experimental  ward  June  27,  1929  (R.  N.  101129).  Physical  examination 
negative,  but  the  routine  laboratory  tests  disclosed  that  his  leukocyte 
counts  over  a  period  of  several  days  were  higher  and  more  irregular  than 
normal.  Preliminary  observation  period  fourteen  days,  June  27  to  July 
11.     No  evidence  of  dengue. 

EXPERIMENTAL 

Experiment  1, — July  11  this  man  received  a  subcutaneous  injection'  of 
1  cubic  centimeter  of  a  filtered  saline  suspension  (representing  appro;x- 
imately  fifteen  dengue-infected  A.  segypti  of  lot  25),  which  fifteen  days 
previously  had  taken  blood  from  A.V.  14-A  during  his  first  day  of  dengue. 
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(Thirty  of  these  mosquitoes  were  macerated  in  a  porcelain  mortar  with 
sand  and  2  cubic  centimeters  of  physiologic  salt  solution,  and  filtered  through 
a  Berkef eld  filter,  our  No.  3.  One-half  of  the  filtrate  was  injected  subcu- 
taneously  into  Heist  and  the  other  half  into  A,V.  25-D.)  Cultures  showed 
no  growth.     July  11  to  21  no  evidence  of  dengue. 

Experiment  2, — July  21,  11  a.  m.,  this  man  received  a  subcutaneous  in- 
jection of  0.5  cubic  centimeter  of  a  filtered  saline  suspension  of  dried 
powdered  blood  collected  four  days  previously  (July  17)  from  A.V.  21-M 
during  his  first  day  of  dengue.  (The  suspension  represented  about  0.5 
cubic  centimeter  of  original  blood  which  had  been  frozen  and  desiccated 
immediately  after  withdrawal  and  stored  at  20°  C.  in  sealed  ampules.) 
Before  injection  the  desiccated  blood  was  suspended  in  physiologic  salt 
solution  and  passed  through  an  intermediate  type  of  Handler  filter  (our 
No.  12).  Cultures  made  from  the  filtrate  were  negative.  July  21  to  29 
no  evidence  of  dengue. 

Experiment  3. — July  29,  7  to  9  p.  m,,  bitten  by  seven  Culex  quinquefas- 
ciatus  lot  31,  which  had  taken  blood  thirteen  days  previously  from  A.V. 
21-M,  during  his  first  day  of  dengue  fever.  July  29  to  August  7  no  evi- 
dence of  dengue. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material. — August  7  bitten  by  ten  A.  alhopictus  lot  29,  which 
had  taken  blood  twenty-two  days  previously  from  A.V.  22-M,  during  his 
first  day  of  dengue  fever. 

Incubation  period, — August  7  to  8  p.  m.,  August  12,  five  and  one-half 
days. 

Dengue  fever. — August  12  onset  after  8  p.  m.,  with  temperature  99°. 
August  12  chilly  sensations,  headache,  and  generalized  aching.  Ate  light 
breakfast.  No  rash.  Temperature  101.8  to  102;  leukocyte  count  still  at 
normal  level  (10,100  to  11,800),  but  Schilling  counts  showed  marked  pro- 
gressive increase  of  "staff"  and  young  forms  of  granulocytes  during  the 
day.  August  13  slight  headache  and  weakness,  temperature  99  at  6  a. 
m.  and  at  3  p.  m.,  leukocytes  a.  m.,  5,700;  p.  m.  7,400.  (Young  granulo- 
cytes predominate.)  August  14  had  a  chill  last  night;  headache;  pains  in 
eyes,  hips,  and  legs;  temperature  at  6  a.  m.,  100.4  and  at  noon  99.  Leuko- 
cytes a.  m.  9,100;  p.  m.  8,150.  Young  granulocytes  predominate.  August 
15  headache;  legs  aching;  temperature  normal.  Leukocyte  count  a.  m. 
5,100.  August  16  and  17  normal,  leukocytes  6,150  and  6,700.  August  18 
normal.    August  20  discharged. 

Summary. — Infectious  material  ten  A.  alhopictus  lot  29,  which  were 
infected  thirteen  days  previously  from  A.V.  22-M.  Incubation  period 
five  and  one-half  days.  Fever,  type  intermittent;  duration  three  and  one- 
half  days;  height  102°  F.  Leukopenia  slight;  duration  four  days;  low  point 
5,100;  "W"-type  curve;  large  vacuolated  monocytes  present  on  second  day 
of  fever  and  irregularly  for  four  days  after  normal  temperature.  Rash 
terminal,  developing  three  days  after  the  temperature  returned  to  normal. 

CONCLUSIONS 

1.  Experiments  1,  2,  and  3  were  negative. 

2.  The  development  of  dengue  four  and  one-half  days  after  feeding  ten 
A,  alhopictus  lot  29  proved  the  infectivity  of  these  mosquitoes  and  the 
susceptibility  of  Heist. 
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TEST   FOR    IMMUNITY    SIX   MONTHS   LATER 

February  3,  1930,  or  six  months  after  Heist  had  experimental  dengue, 
ten  dengue-infected  A,  segypti  of  lot  135  were  allowed  to  feed  on  him.  He 
had  not  had  dengue  during  the  intervening  period.  Since  temperature 
observations  made  twice  daily  for  twelve  days  and  general  observations 
for  several  weeks  thereafter  failed  to  show  any  evidence  of  infection  it 
may  be  concluded  that  one  attack  of  dengue  in  August,  1929,  protected 
this  man  against  recognizable  reinfection  when  tested  six  months  later. 

Dengue  volunteer  (American)  25. 

Dandrea,  Walter  E.,  Pvt.  (A.  S.  N.  6813995),  "C"  Co.,  31st  Inf.,  Ma- 
nila; age  18  years;  race  white;  total  service  two  months;  tropical  service 
ten  days,  Honolulu,  Hawaiian  Islands.  Born  in  Vermont;  lived  in  Vermont 
and  Hawaii.  Arrived  in  Philippine  Islands  June,  1929.  History  of  dengue 
negative.  Admitted  to  experimental  ward  June  29,  1929  (R.  N.  101157). 
Physical  examination  and  routine  laboratory  examinations  showed  him  to 
be  normal.  Preliminary  observation  period  eleven  days,  June  29  to  July 
11.     No  evidence  of  dengue. 

EXPERIMENTAL 

Experiment  1, — July  11  injected  subcutaneously  1  cubic  centimeter  of 
filtered  saline  suspension  (representing  ten  mosquitoes)  of  dengue-infected 
A.  segypti  lot  25,  which  fifteen  days  previously  had  taken  blood  from  A.V. 
14-Andrews,  during  the  first  day  of  dengue  fever.  Thirty  of  these  mos- 
quitoes were  macerated  in  a  porcelain  mortar  with  sand  and  2.5  cubic 
centimeters  of  physiologic  salt  solution  and  filtered  through  a  Berkefeld 
filter  (our  No.  3)  ;  1  cubic  centimeter  of  the  filtrate  was  injected  into  Dan- 
drea and  1  cubic  centimeter  was  given  to  A.V.  24-Heist.  Cultures  showed 
no  growth.    July  11  to  21  no  evidence  of  dengue. 

Experiment  2. — July  21,  11  a.  m.,  this  man  was  given  a  subcutaneous 
injection  of  1.5  cubic  centimeters  of  a  filtered  saline  suspension  (represent- 
ing three  and  five-tenths  mosquitoes)  of  dengue-infected  A.  segypti  lot  30, 
which  had  taken  blood  five  days  previously  from  A.V.  22-Marsh.  After  ma- 
cerating the  mosquitoes  in  a  porcelain  mortar  with  sand  and  physiological 
salt  solution,  the  material  was  passed  through  a  "regular"  type  of  Handler 
filter  (our  No.  7).  Filtrate  showed  no  growth.  July  21  to  29  no  evidence 
of  dengue.     Lot  30  mosquitoes  subsequently  infected  A.V.  20-B. 

Experiment  S. — ^July  29,  7  to  9  p.  m.,  bitten  by  four  Culex  quinquefas- 
ciatus  lot  31,  which  had  taken  blood  thirteen  days  previously  from  A.V. 
21-Minard,  on  the  first  day  of  dengue  fever.  July  29  to  August  6  no 
evidence  of  dengue. 

DENGUE   SUSCEPTIBILITY  TEST 

Infectious  material— ^August  6  bitten  by  three  A.  albopictus  lot  29,  which 
had  taken  blood  twenty-one  days  previously  from  A«V.  22-Marsh,  during 
the  first  day  of  dengue  fever. 

Incubation  period. — August  6  p.  m.  to  August  12,  six  and  one-fourth 
days. 

Dengue. — Onset  p.  m.  August  12,  with  fever  of  99.6,  leukocytes  7,300, 
backache,  pain  in  eyes,  no  rash.     August  13  temperature  103;  total  leuko- 
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cytes  4,350;  headache  is  principal  complaint.  August  14  temperature  101; 
total  leukocytes  4,100;  slight  headache  and  discomfort  on  use  of  eyes. 
August  15  temperature  100.6;  total  leukocytes  3,600;  slight  headache. 
August  16  temperature  102;  total  leukocytes  3,200,  low  point.  No  symp- 
toms except  headache.  August  17  temperature  100  at  3  p.  m.;  total  leuko- 
cytes 3,650;  terminal  maculopapular  rash  present.  August  18  tempera- 
ture 99;  leukocytes  4,200;  rash  has  faded.  August  19  temperature  99; 
total  leukocytes  5,150,  last  day  of  leukopenia;  no  symptoms.  August  20 
normal;  discharged. 

Summary, — Infectious  material  three  A.  albopictiis  lot  29,  which  were 
infected  twenty-one  days  previously  by  feeding  on  A.V.  22-M.  Incuba- 
tion period  six  and  one-fourth  days.  Fev^r,  type  remittent;  duration  five 
and  one-half  days;  height  103;  "V"-curve.  Leukopenia)  marked;  low  point 
3,200;  duration  seven  days;  large  vacuolated  monocytes  on  last  day  of 
fever.     Rash  terminal.     Virus  not  transferred. 

CONCLUSIONS 

Experiment  1. — Virus  of  dengue  fever  as  present  in  A.  segypti  on  the 
fifteenth  day  after  an  infective  feeding  was  not  filterable  through  the 
Berkefeld  filter  used. 

Experiment  2. — ^Virus  of  dengue  as  present  in  A.  sagypti  on  the  fifth 
day  following  an  infective  feeding  was  not  filterable  through  the  Mandler 
filter  used. 

Experiment  S. — The  virus  of  dengue  was  not  transmitted  by  Culex 
quinquefasciatus  on  the  thirteenth  day  following  the  taking  of  infected 
blood. 

The  development  of  dengue  seven  days  after  feeding  three  A,  albopictus 
lot  29  proved  the  infectivity  of  this  lot  and  the  susceptibility  of  Dandrea. 

TEST  FOR  IMMUNITY  TO  DENGUE   SEVEN  MONTHS  LATER 

March  15,  1980,  or  approximately  seven  months  after  infection,  Dandrea 
was  bitten  by  ten  dengue-infected  A,  segypti  of  lot  167  in  order  to  test 
the  duration  of  immunity  produced  by  a  single  attack  of  dengue.  This 
man  had  not  been  sick  during  the  intervening  period.  As  dengue  did  not 
develop  it  may  be  concluded  that  the  experimental  attack  in  August,  1929, 
immunized  Dandrea  and  that  this  immunity  protected  him  for  a  period  of 
seven  months. 

Dengue  volunteer   (American)   26. 

ToLSON,  William  L.,  Pvt.  (A.  S.  N.  6812457),  ''A''  Co.,  31st  Inf.,  Ma- 
nila; age  23  years;  race  white;  total  service  four  months;  tropical  service 
two  weeks.  Born  in  Virginia;  lived  in  Virginia.  Arrived  in  Philippine 
.Islands  June  15,  1929.  History  of  dengue  negative.  Admitted  to  exper- 
imental ward  June  29,  1929  (R.  N.  101158).  Physical  examination  and 
routine  laboratory  tests  showed  him  to  be  normal.  Preliminary  observa- 
tion period  thirteen  days,  June  29  to  July  11.  No  evidence  of  dengue 
fever. 

EXPERIMENTAL 

Experiment  1. — July  11  two  dengue-infected  A,  segypti  of  lot  25,  which 
had  taken  blood  fifteen  days  previously  from  A.V.  14-Andrev/s,  during  the 
first  day  of  dengue  fever,  were  killed,  placed  on  the  inner  aspect  of  the 
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right  forearm,  and  rubbed  over  the  skin  with  the  rounded  end  of  a  test 
tube.    July  11  to  21  no  evidence  of  dengue. 

Experiment  2, — July  21,  11  a.  m.,  this  man  was  injected  subcutaneously 
with  0.5  gram  of  an  until tered  saline  suspension  of  dried  (frozen)  virus 
blood  collected  four  days  previously  from  A.V.  21-Minard,  during  the  first 
day  of  dengue  fever.  This  suspension  represented  about  0.5  cubic  centi- 
meter of  the  original  blood,  which  had  been  collected  in  Petri  plates, 
frozen  in  vacuum,  desiccated,  pulverized,  and  stored  in  vacuum  in  sealed 
glass  tubes.  Note:  A'edes  segypti  lot  32  were  fed  on  Minard  at  the  time 
this  blood  was  collected,  and  mosquitoes  of  this  lot  later  transmitted  dengue 
to  A.V.  28-P,  and  A.V.  29-J.  Cultures  showed  (July  31)  a  few  colonies 
of  staphylococci.  July  21  to  29  no  evidence  of  dengue.  July  31  and 
August  1,  2,  and  3  the  volunteer  had  a  slight  rise  in  temperature  but 
no  symptoms  of  dengue  and  his  leukocyte  counts  remained  normal. 

DENGUE  SUSCEPTIBILITY  TEST 

Infections  material. — July  29,  9.45  a.  m.,  bitten  by  eight  ^4.  albopictus 
lot  29,  which  had  fed  thirteen  days  previously  on  A.V.  2^Marsh,  during 
the  first  day  of  dengue  fever. 

Incubation  period. — July  29  (a.  m.)  to  August  4  (p.  m.),  duration  six 
and  one-half  days.  Note:  August  2,  9  a.  m.,  fed  one  hundred  eighteen 
normal  A.  SBgypti,  and  designated  them  lot  34;  later  discarded. 

Dengue  fever. — ^August  4  p.  m.,  fever;  noon  99,  4  p.  m.,  100.8,  8  p.  m. 
generalized  aching.  Rash,  leukocytes  6,800.  August  5  temperature  100.6 
in  a.  m.  to  99  p.  m.;  rash  more  pronounced;  other  symptoms  continue; 
leukocytes  4,300.  Note:  1  p.  m.  fed  one  hundred  thirty-eight  normal  A. 
segypti  and  designated  them  lot  38;  not  tested.  August  6  temperature 
normal;  still  aches  and  is  weak;  leukocytes  3,900.  August  7  and  8  normal 
except  leukopenia;  counts  4,800  and  5,200.  August  9  normal.  August  10 
discharged. 

Summary. — Infectious  material  eight  A.  albopictus  lot  29;  age  of  virus 
in  mosquitoes  thirteen  days.  Incubation  period  six  and  one-half  days. 
Fever,  type  continuous;  duration  one  and  one-half  days;  height  101'  F. 
Leukopenia  low  point  3,900;  duration  four  days;  "V"-type  curve;  large 
vacuolated  monocytes  on  last  day  of  fever  and  daily  for  four  days  after 
temperature  was  normal.  Rash  appeared  at  beginning  of  fever.  Virus 
transferred  to  A.  segypti  lots  34  and  38,  but  these  were  not  tested. 

CONCLUSIONS 

1.  Experiments  1,  2,  and  3  were  negative  indicating  that  the  virus  of 
dengue  in  the  mosquito  does  not  penetrate  the  unbroken  skin.  Expeiiment 
2.  The  virus  of  dengue  in  dried  frozen  blood  stored  for"  four  days  at  18° 
C.  did  not  cause  dengue. 

2.  The  development  of  dengue  four  and  one-half  days  after  the  feeding 
of  eight  A.  albopictus  lot  29  proved  the  infectivity  of  this  lot  of  mos- 
quitoes and  the  susceptibility  of  the  volunteer. 

TEST   FOR   IMMUNITY   SEVEN   MONTHS  LATER 

March  31,  or  more  than  seven  months  after  infection,  Tolson  was  bitten 
by  fifteen  dengue-infected  A.  segypti  of  lot  174  in  order  to  test  the  duration 
of  immunity  produced  by  a  single  attack  of  dengue.     This  man  had  not 
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been  sick  during  the  intervening  period.  As  dengue  did  not  develop  it 
may  be  concluded  that  he  was  immunized  by  the  experimental  attack  in 
August,  1929,  and  that  this  immunity  protected  him  for  more  than  seven 
months. 

Dengue  volunteer  (American)  27. 

Pringlb,  Edward  J.,  Pvt.  (A.  S.  N.  6702611),  28th  Bomb.  Sqdn.,  A.  C, 
Camp  Nichols;  age  19  years;  race  white;  total  service  three  months;  trop- 
ical service  two  months.  Born  in  New  Jersey;  arrived  in  Philippine  Is- 
lands June,  1929.  No  history  of  dengue.  Admitted  to  experimental  ward 
July  2,  1929  (R.  N.*  1011812).  Physical  and  routine  laboratory  examina- 
tions showed  him  to  be  normal.  Preliminary  observation  period  nine  days, 
July  2  to  11.    No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — July  11  two  dengue  infected  A,  segypti  of  lot  25,  which 
had  taken  blood  fifteen  days  previously  from  A.V.  14-Andrews,  were  killed 
and  placed  upon  an  area  of  skin  broken  by  scratching.  No  blood  was 
drawn,  but  the  scratch  was  deep  enough  to  allow  serum  to  escape.  The 
infected  mosquitoes  were  rubbed  on  this  abrasion  with  the  rounded  end 
of  a  test  tube.     July  11  to  21  no  evidence  of  dengue. 

Experiment  2, — July  21,  11  a.  m.,  this  volunteer  was  injected  subcu- 
taneously  with  0.75  cubic  centimeter  (seven  and  one-half  mosquitoes)  of 
a  filtered  saline  suspension  of  dengue-infected  A.  alhopictus  lot  29,  which 
had  taken  blood  five  days  previously  from  A.V.  22-Marsh  on  the  second  day 
of  dengue.  (Fifteen  mosquitoes  had  been  macerated  in  a  mortar  with 
sterile  sand  and  1.5  cubic  centimeters  physiological  salt  solution  and  this 
material  passed  through  a  regular  type  of  Handler  filter,  our  No.  8. 
Cultures  made  of  the  filtrate  remained  free  of  bacteria.)  July  21  to  29 
no  evidence  of  dengue.  July  27,  blood  chemistry,  sugar,  90;  uric  acid, 
2.5;  N.  P.  N.,  25.5. 

Experiment  3, — July  2*9  this  man  was  given  a  subcutaneous  injection 
of  4  cubic  centimeters  of  a  Handler  filtrate  prepared  by  macerated  thirteen, 
nineteen,  and  eighteen  A.  segypti  of  lots  25,  30,  and  32  in  10  cubic  centi- 
meters of  physiologic  salt  solution.  These  lots  were  infected  with  dengue 
virus  by  feeding  on  A.V.  14-Andrews,  22-Harsh,  and  21-Hinard,  thirty- 
three,  thirteen,  and  twelve  days  previously.  The  filter  used  was  a  "regular" 
grade  and  our  No.  7.  Four  hundred  millimeters  Hg.  of  vacuum  was  em- 
ployed. Cultures  of  filtrate  remained  sterile.  July  29  to  August  6,  no 
evidence  of  dengue. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material. — August  6  bitten  by  one  A.  alhopictus  of  lot  29, 
which  had  taken  blood  twenty-one  days  previously  from  A.V.  21-H  during 
the  first  day  of  dengue  fever. 

Incubation  period. — August  6  to  11,  five  days.  Note:  August  7  diarrhoea, 
pains  in  left  shoulder  and  right  leg.  August  8  complained  of  headache 
and  backache;  no  dengue. 

Dengue  fever. — August  11,  fever  began  in  afternoon,  gradual  onset; 
total  leukocytes  7,350.  August  12  chill,  anorexia,  vomited,  dizzy;  general 
pains;  temperature  103.2;  total  leukocytes  3,900.     Note:  Fed  fifty- four  nor- 
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mal  A.  albopictus,  designated  lot  43,  later  proved  infected.  August  13 
same;  face  flushed;  light  rash  present  101-2,600.  August  14  chills  and 
general  pains;  temperature  101.6;  leukocytes  2,350.  August  15  pains  in 
head,  eyes;  faint  mottling  discernible;  temperature  102.4;  leukocytes  3,200. 
August  16  temperature  102;  leukocytes  2,100.  August  17  adenopathy  of 
both  cervical  glands;  weak,  dizzy,  pain  in  eyes;  temperature  99;  leuko- 
cytes 3,600.  August  18  temperature  99;  leukocytes  5,150.  August  19 
normal.     August  20  discharged. 

Summary. — Infectious  material  one  A.  albopictus  lot  29,  which  was 
infected  by  feeding  on  A.V.  21-Minard,  twenty-one  days  previously.  In- 
cubation period  five  days.  Fever,  type  remittent,:  duration  six  days;  height 
103.2.  Leukopenia  extreme;  low  point  2,100;  duration  six  and  one-half 
days;  "V"-type  curve.  Two  per  cent  of  large  vacuolated  monocytes  ap- 
peared August  9,  two  days  after  temperature  had  returned  to  normal. 
Rash  primary,  developing  on  second  day  of  fever.  Virus  transferred 
through  A,  albopictus  lot  43  to  A.V.  32-Whittier  and  A.V.  34-S. 

CONCLUSIONS 

1.  (a)  Experiment  1. — The  virus  present  in  two  A,  segypti  when  placed 
on  the  abraded  skin  failed  to  cause  dengue  fever. 

(b)  Experiment  2. — Indicated  that  5-day  old  virus  in  A.  albopictus 
is  not  filterable  through  a  "regular"  type  of  Handler  filter. 

(c)  Experiment  3. — The  virus  in  dengue-infected  A.  segypti  was  not 
filterable  through  a  Handler  "regular''  grade  filter. 

2.  The  development  of  dengue  five  days  after  the  feeding  of  one  A. 
albopictus  lot  29  proved  the  infectivity  of  this  lot  and  the  susceptibility  of 
the  volunteer. 

Dengue  volunteer  (American)  28. 

Pitts,  Charles  L.,  Pvt.  (A.  S.  N.  6541428),  28th  Bomb.  Sqdn.,  A.  C, 
Camp  Nichols;  age  24  years;  race  white;  total  service  three  months;  trop- 
ical service  Africa  three  days.  South  America  three  months,  Hexico 
three  months.  Born  in  Oklahoma;  lived  in  Oklahoma.  Arrived  in  Phil- 
ippine Islands  Harch,  1929.  History  of  dengue  negative.  Admitted  to 
experimental  ward  July  2,  1929  (R.  N.  10118).  Physical  examination  and 
routine  laboratory  tests  showed  him  to  be  normal.  Preliminary  observa- 
tion period  nine  days,  July  2  to  11,  during  which  there  was  no  evidence 
of  dengue. 

EXPERIMENTAL 

Experiment  1. — July  11  this  volunteer  was  given  a  subcutaneous  in- 
jection of  2  cubic  centimeters  of  a  filtered  saline  suspension  of  desiccated 
whole  blood,  representing  about  1.5  cubic  centimeters  of  original  whole 
blood  which  had  been  collected  fifteen  days  previously  from  A.V.  14-Andrews 
during  the  first  day  of  dengue  fever.  The  material  was  filtered  through  a 
regular  grade  Handler  filter  (our  No.  9)  at  400  millimeters  vacuum. 
Cultures  showed  no  growth.    July  11  to  20  no  evidence  of  dengue. 

Experiment  2, — July  20,  1.30,  he  was  given  a  subcutaneous  injection  of 
3  cubic  centimeters  (representing  about  eighteen  mosquitoes)  of  a  filtered 
(Handler  No.  12)  saline  suspension  of  Culex  quinquefasciatus  lot  31,  which 
had  taken  blood  four  days  previously  from  A.V.  21-Hinard,  during  the 
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first  day  of  dengue  fever.  Cultures  showed  no  growth  July  31.  July  20 
to  29  no  evidence  of  dengue.  July  27  blood  chemistry,  sugar,  99.5;  uric 
acid,  3.1;  NPN,  24.7. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material. — July  29,  9.45  a.  m.,  bitten  by  eight  A,  segypti  lot 
32,  which  had  taken  blood  twelve  days  previously  from  A.V.  21-Minard, 
during  the  first  day  of  dengue  fever. 

Incubation  period. — Six  days,  July  29  to  August  4. 

Dengue  fever. — Onset  August  4;  temperature  102.6  at  8  a.  m.;  headache, 
eyes  ache,  no  glandular  enlargement,  no  rash,  no  leukopenia.  Note: 
August  4  one  hundred  seventy-six  normal  A.  segypti  fed  and  became  lot 
35  and  used  later  to  produce  dengue  in  A.V.  31-D.  August  5  skin  appears 
flushed;  temperature  99.8,  99.6,  99,  and  98.4;  leukopenia   (4,200).    August 

6  slight  headache,  hiccoughed  at  intervals;   leukopenia    (3,800).    August 

7  temperature  normal  except  99.8  in  p.  m.;  slight  headache  and  backache; 
some  pain  about  eyes,  anorexia,  no  rash;  leukopenia  (5,300).  August  8 
temperature  99.8  in  p.  m.;  slight  pain  in  head,  eyes,  and  right  knee;  no 
appetite  until  to-day;  slight  nausea;  leukopenia  3,700.  August  9  normal, 
except  slight  nausea  and  leukopenia  (4,200).  August  10  to  12  normal. 
August  12  discharged. 

SuTmnary. — Infectious  material  eight  A.  segypti  lot  32,  which  were 
infected  by  feeding  on  A.V.  21-M  twelve  days  previously.  Incubation 
period  six  days.  Fever,  type  intermittent;  duration  four  and  one-half  days; 
height  102.6.  Leukopenia  marked;,  low  point  3,700;  duration  five  days; 
**W"-type  curve;  large  vacuolated  monocytes  on  August  8,  9,  10,  and  12. 
Rash  none.    Virus  transferred  through  A,  segypti  lot  35  to  A.V.  31-D. 

CONCLUSIONS 

1.  Experiments  1  and  2  negative. 

2.  Development  of  dengue  fever  six  days  after  the  volunteer  had  been 
bitten  by  A.  segypti  lot  32,  proved  the  infectivity  of  this  lot  and  the  suscep- 
tibility of  Pitts. 

Dengue  volunteer  (American)  29. 

Johnston,  Elden  E.,  Fvt.  (A.  S.  N.  6799126),  6th  Photo.  Sec,  A.  C, 
Camp  Nichols ;  age  21  years ;  race  white ;  total  service  two  months ;  tropical 
service  two  months.  Born  in  Illinois,  lived  in  Illinois,  Missouri,  and  In- 
diana. Arrived  in  Philippine  Islands  June  15,  1929.  History  of  dengue 
was  negative.  Admitted  to  experimental  ward  August  9,  1929  (R.  N. 
101592).  Physical  and  routine  laboratory  examinations  were  negative. 
Preliminary  observation  period  eight  days,  August  9  to  17,  1929,  during 
which  there  was  no  evidence  of  dengue  fever. 

EXPERIMENTAL 

,  Infectious  materm^.— August  17  this  volunteer  received  a  subcutaneous 
injection  of  1.5  cubic  centimeters  of  filtered  (Berkefeld  V,  our  No.  19) 
hormone-broth  suspension  of  macerated  A.  segypti  lot  32,  which  repre- 
sented about  fifty  mosquitoes.  These  mosquitoes  had  taken  blood  thirty 
days  previously  from  A.V.  21-Minard  during  the  first  day  of  dengue 
fever,   and  one  hundred  of  the  lot  were  killed  and  placed  in  a  glazed 
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EXPERIMENTAL  DENGUE  A.V  No.  29  JOHNSTON,  ELDON  E.                                    I 

PRELIMINARY 
OBSERVATION    PERIOD 
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Fig.   90.     Experimental  dengue   in  American   volunteer   29. 


porcelain  evaporating  dish,  and  a  small  amount  of  ground  pyrex  glass 
and  4  cubic  centimeters  of  hormone  broth  were  added.  After  macerating  by 
grinding  with  the  rounded  end  of  a  pyrex  test  tube,  the  fluid  was  divided 
into  two  parts  of  2  cubic  centimeters  each  and  centrifuged  at  low  speed. 
One  portion  of  the  clear  supernatant  fluid  was  dropped  on  the  top  of  the 
Berkefeld  "V"  candle  in  which  a  negative  pressure  of  30  centimeters  was 
maintained  during  the  filtration.  As  none  of  this  fluid  came  through, 
an  additional  3  cubic  centimeters  of  sterile  hormone  broth  was  passed 
through  the  filter;  1.5  cubic  centimeters  of  the  filtrate  was  injected  into 
Johnston. 

Incubation  period. — August  17  to  26,  nine  days.  Fever  August  20,  21, 
and  24  was  due  to  a  mild  respiratory  infection.  Note:  August  26,  noon, 
bitten  by  twenty-four  dengue-infected  A.  segypti  of  lot  40  because  it  was 
thought  experiment  1  was  negative;  however,  as  dengue  developed  the 
following  day  lot  40  had  no  part  in  producing  it. 

Dengue  fever. — Onset  afternoon  of  August  26;  temperature  99.2;  leu- 
kocyte count  7,550.  August  27  temperature  103;  leukocyte  count  7,050; 
headache,  aching  in  hip  joints;  use  of  eyes  gives  discomfort;  taste  sense 
abnormal;  questionable  primary  rash.      August  28  temperature  102.4;  leu- 
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kocyte  count  6,750;  slight  headache.  August  29  temperature  99.6;  leuko- 
cyte total  6,200;  no  subjective  symptoms.  August  30  temperature  99.4; 
leukocytes  8,200;  no  subjective  symptoms.  August  31  temperature  101.8; 
leukocyte  counts  4,400.  September  1  slight  terminal  rash  on  hands  and 
wrists;  temperature  100;  leukocytes  2,950.  September  2  temperature  99; 
leukocytes  3,950;  no  symptoms.  September  3  temperature  98.6;  leukocytes 
normal.  September  4  to  date  of  discharge,  September  8,  normal  except 
for  slight  leukopenia.  Note:  Three  hundred  twenty  normal  A.  segypti  fed 
on  Johnston.  August  27  designated  lot  48,  but  were  not  used.  Also,  blood 
was  collected  in  citrate  this  date,  fed  to  one  hundred  thirteen  A,  ssgypti, 
and  later  transmitted  dengue  to  A.V.  33-B. 

Summary. — Infectious  material  virus  obtained  from  a  Berkefeld  "V' 
filtrate  of  hormone-broth  suspension  of  A,  aegypti  lot  32,  incubation  period 
nine  days.  Fever,  type  intermittent  ("saddle'^)  ;  duration  five  and  one- 
half  days;  height  103.  Leukopenia,  low  point  2,950;  duration  seven  days; 
type  *W-curve.  September  1  and  2  large  vacuolated  monocytes.  August 
27  rash  none.  Transfer  of  virus  through  A.  segypti  lot  49  to  A.V.  33- 
Banneru 

See  table  of  Aedes  segypti. 

TEST  FOR   IMMUNITY  FIVE   MONTHS   LATER 

February  4,  1930,  bitten  by  eight  dengue-infected  A.  segypti  of  lot  135. 
This  man  had  not  been  sick  during  the  intervening  period.  As  dengue 
fever  did  not  follow  this  feeding  it  may  be  concluded  that  he  was  pro- 
tected from  infection  for  a  period  of  more  than  five  months  by  immunity 
developing  as  a  result  of  the  experimental  attack  in  August,  1929. 

Dengue  volunteer  (American)  30. 

Lashley,  Lee,  Pvt.  (A.  S.  N.  6812198),  2d  Obs.  Sqdn.,  A.  C,  Nichols 
Field;  age  21  years;  white;  total  service  four  months;  tropical  service 
two  months;  born  in  Greensboro,  North  Carolina;  lived  in  Pennsylvania, 
Ohio,  and  Illinois.  Arrived  in  Philippine  Islands  June,  1929.  History 
of  dengue  negative.  Admitted  to  experimental  ward  August  9,  1929  (R. 
N.  101595).  Physical  examination  and  routine  laboratory  tests  showed 
him  to  be  normal.  Preliminary  observation  eight  days,  August  9  to  17, 
1929.     No  evidence  of  dengue  fever. 

experimental 

Experiment  1. — August  17,  a.  m.,  this  volunteer  was  injected  subcu- 
taneously  with  2.25  cubic  centimeters  of  filtrate  (Handler  our  No.  7) 
from  a  hormone-broth  suspension  of  macerated,  infected  A,  segypti  lot  32, 
which  had  taken  blood  thirty-one  days  previously  from  volunteer  A.V. 
21-Minard.  during  the  first  day  of  dengue  fever.  In  this  experiment 
one  hundred  mosquitoes  (lot  32)  were  killed,  placed  in  a  glazed  porcelain 
evaporating  dish  with  a  small  amount  of  ground  pyrex  glass,  and  ground 
with  a  pyrex  test  tube.  The  fluid  was  then  centrifuged  at  low  speed 
to  throw  out  gross  particles  and  it  was  then  divided  into  two  parts.  One 
part  was  then  passed  through  a  regular  type  of  Handler  filter  (our 
No.  7)  which  had  been  moistened  by  drawing  hormone  broth  through  it. 
About  5  cubic  centimeters  of  filtrate  was  recovered,  and  about  half  of  this 
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Fig.  91.     Experimental  dengue  in  American  volunteer  80. 


was  injected.     (See  also  protocol   of  A.V.   29~J.) 
evidence  of  dengue. 


August   17  to   26  no 


DENGUE  SUSCEPTIBILITY  TEST 


Infectious  material. — August  26,  noon,  bitten  by  sixteen  A,  segypti  of 
lot  41,  which  had  taken  blood  twenty  days  previously  from  A.V.  23- 
Beaudrot. 

Incubation  period. — August  26  to  30,  four  and  one-fourth  days. 

Dengue  fever. — ^Augrust  30  onset  gradual  at  8  p.  m.  with  fever  99. 
August  31  headache,  pain  in  eyes,  and  between  shoulder  blades,  anorexia 
and  nausea,  dizzy  on  standing;  no  rash;  leukocytes  6,250.  September  1 
temperature  100.2  to  100.4;  slight  indefinite  rash  on  chest,  other  symptoms 
persist;  leukocytes  5,200.  September  2  temperature  100  to  99.8;  symptoms 
persist;  constipated;  back  and  neck  "sore,"  pain  in  right  inguinal  region, 
glands  not  enlarged;  some  mottling  on  back;  leukocytes  5,450.  Septem- 
ber 3  temperatui^e  101.6,  103,  and  103;  pain  in  head,  eyes,  and  back, 
nauseated,  tenderness  in  inguinal  region,  rash  on  back  and  chest,  vomited 
in  afternoon;  leukocytes  3,250.     September  4  temperature  normal;   head- 
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ache,  slight  pain  in  eyes  and  backache,  maculopapular  rash  over  chest 
and  back;  leukocytes  3,800.  September  5  feels  better,  but  weak,^  rash 
fading;  leukocytes  6,550.  September  6-8  feels  well;  leukocytes  5,650, 
5,100  and  6,600.     September  9  discharged. 

Summary. — Infections  material  sixteen  A,  segypti  lot  41,  which  were 
infected  by  feeding  on  A.V.  23--Beaudrot  twenty  days  previously.  Incuba- 
tion period  four  and  one-fourth  days.  Fever,  type  continuous;  duration 
four  days;  height  103°  F.  Leukopenia  marked;  low  point  3,250;,  duration 
seven  days;  "W"-type  curve;  large  vacuolated  monocytes  on  the  fourth 
day  after  normal  temperature.     Rash  terminal. 

CONCLUSIONS 

1.  Experiment  1  was  negative;  that  is,  the  virus  of  dengue  fever  did  not 
pass  through  the  "regular"  grade  of  Handier  filter  used. 

2.  Development  of  dengue  after  the  feeding  of  A.  segypti  lot  41  proved 
the  infectivity  of  these  mosquitoes  and  the  susceptibility  of  Lashley. 

TEST  FOR  DENGUE  IMMUNITY  FIVE  AND  ONE-HALF  MONTHS   LATER 

February  4,  1930,  or  approximately  five  and  one-half  months  after 
infection,  Lashley  was  bitten  by  nineteen  dengue-infected  A,  segypti  of  lot 
135  in  order  to  test  the  duration  of  immunity  produced  by  a  single  attack 
of  dengue  fever.  This  man  had  not  been  sick  during  the  intervening 
period.  As  dengue  did  not  develop  it  may  be  concluded  that  Lashley  was 
immunized  by  the  experimental  attack  in  August,  1929,  and  that  this 
immunity  protected  him  for  more  than  five  and  one-half  months. 

Dengue  volunteer  (American)  31. 

DOELL,  William  L.,  Pvt.  (A.  S.  N.  6700749),  66th  Serv.  Sqdn.,  A.  C, 
Camp  Nichols;  age  19  years;  race  white;  total  service  six  months;  tropical 
service  two  months.  Bom  in  New  York;  lived  in  New  York,  Ohio,  and 
Illinois.  Arrived  in  Philippine  Islands  June,  1929.  History  of  dengue 
negative.  Admitted  to  experimental  ward  August  9,  1929  (R.  N.  101594). 
Physical  examination  and  routine  laboratory  examinations  showed  him  to 
be  normal.  Preliminary  observation  period  nine  days,  August  9  to  18. 
No  evidence  of  dengue  fever.  Blood  chemistry  August  12:  Sugar,  100; 
uric  acid,  3.4;  N.  P.  N.,  23. 

EXPERIMENTAL 

Expervrrtent  1, — August  18  bitten  by  ten  C.  quinquefascmtits  lot  31, 
which  had  taken  blood  fifty  days  previously  from  A.V.  21-M,  during 
the  first  day  of  dengue  fever.     August  18  to  26  no  evidence  of  dengue. 

DENGUE    SUSCEPTIBILITY    TEST 

Infectious  material. — August  26,  noon,  bitten  by  eighty-two  A,  ssgypti 
lot  35,  which  had  taken  blood  twenty-two  days  previously  from  A.V.  28'-P 
during  the  first  day  of  dengue  fever. 

Incubation  period. — August  26  to  30,  a.  m.,  four  days  three  hours. 
Temperature  99.4  at  8  p.  m.  August  29. 

Dengue  fever. — August  30,  3  p.  m.,  sudden  onset;  headache,  temperature 
3  p.  m.  99.4;  8  p.  m.  100.     Leukopenia  began   (4,950  in  a.  m.)   August  31, 
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Fig.  92.     Experimental  dengue  in  American  volunteer  31. 


temperature  101.2,  "aches  all  over"  particularly  in  head  and  eyes;  an- 
orexia; flushed  face;  "cigarettes  taste  bad;"  feels  weak;  is  nauseated  at 
times;  no  rash;  leukopenia  (4,300).  Note:  At  11  a.  m.  (a)  blood  taken 
by  fifty  normal  A.  albopictus,  designated  lot  51,  not  tested.  (6)  Blood 
taken  by  three  hundred  thirty-nine  normal  A.  segyptiy  designated  lot  52, 
later  produced  dengue  in  A.V.  46-L,  A,V.  43-D,  A.V.  41-F,  etc.  (c) 
Blood  was  collected  in  citrate  and  fed  through  guinea-pig  skin  to  sixty- 
four  A,  3agypti  designated  lot  53,  later  produced  dengue  in  A.V.  37-M. 
September  1  temperature  100,2°  F.,  chills,  headache,  generalized  pains, 
shooting  pains  in  left  arm,  some  disturbances  of  taste,  throat  red  and 
feels  sore,  leukopenia  (4,500).  September  2  fever  reached  height  of  103.2 
in  p.  m.;  head,  eyes,  and  joints  ache,  throat  feels  sore,  right  inguinal  gland 
palpable  and  tender;,  no  bowel  movement  for  thirty-six  hours;  no  rash; 
leukopenia  (3,950).  September  3  fever  still  high,  102.4  in  p.  m.;  feels 
very  sick,  head  and  eyes  ache,  abdominal  pain,  vomited  five  times,  chilly 
sensations,  inguinal  gland  still  tender,  also  cervical  and  submaxillary  glands, 
no  enlargements;  slight  rash  on  back,  leukopenia  (2,500).  September  4 
temperature  104°  F.  in  morning  and  normal  thereafter;  dull  ache  in  head 
and  eyes,  joints  normal;  maculopapular  rash  over  hands,  wrists,  back, 
chest  and  abdomen;   vomited  this  a.   m.,  leukopenia    (3,400).     September 
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5  temperature  normal,  slight  headache,  nauseated,  weak,  no  general  plains; 
rash  persists,  leukopenia  persists  (4,750).  September  6  normal  except 
still  weak  and  still  has  leukopenia  (4,800)  and  faint  rash.  September  7 
normal  except  for  itching  of  skin;  last  day  of  leukopenia;,  leukocytes 
(6,050.)     September  8  normal.     September  9,  discharged. 

Sirnimary, — Infectious  material  eighty-two  A.  segypti  lot  35,  which  were 
infected  from  A.V.  28-P,  twenty-two  days  previously.  Incubation  period 
four  days  three  hours.  Fever,  type  intermittent;  duration  five  and  one- 
half  days;  height  104°  F.  Leukopenia  extreme;  low  point  2,500;  duration 
nine  days;  "U^'-type  curve;  large  vacuolated  monocyte  noted  on  third 
day  of  fever.  Rash  secondary  (terminal).  Virus  transferred  through  A. 
ssgypti  lot  52,  to  A.V.  46-L,  A.V.  43-D,  and  A.V.  41-F;  and  through  lot 
53  to  A.V.  37-M. 

CONCLUSIONS 

1.  The  eighteen  Culex  of  lot  31  failed  to  transmit  dengue. 

2.  The  development  of  dengue  four  days  after  the  biting  of  A.  segypti 
lot  35  proved  the  infectivity  of  these  mosquitoes  and  the  susceptibility 
of  the  volunteer. 

Dengue  volunteer  (American)  32. 

Whittier,  Leonard  B.,  Pvt.  (A.  S.  N.  6541164),  66th  Serv.  Sqdn.,  A.  C, 
Nichols  Field;  age  20  years;  white;  total  service  four  months;  tropical 
service  two  months;  born  in  California;  lived  in  California.  Arrived  in 
Philippine  Islands  June,  1929.  History  of  dengue  negative.  Admitted  to 
experim-ental  ward  August  9,  1929  (R.  N.  101593).  Physical  examination 
and  routine  laboratory  examinations  showed  him  to  be  normal.  Prelim- 
inary observation  period  eight  days,  August  9  to  17,  1929.  No  evidence 
of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — August  17  this  man  was  injected  subcutaneously  with 
2  cubic  centimeters  of  a  saline  suspension  of  frozen  desiccated  blood, 
equivalent  to  1  cubic  centimeter  of  original  blood,  which  had  been  collected 
fifty-two  days  previously  from  a  volunteer  (A.V.  14-A),  during  the  first 
day  of  dengue.  August  17  to  26,  no  evidence  of  dengue.  Slight  fever 
August  20,  and  slight  leukopenia  from  August  22  to  25. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  rrmterial. — August  26,  noon,  bitten  by  twenty-two  A.  albo- 
pictus  of  lot  43,  which  had  been  infected  fourteen  days  previously  from 
an  experimental  case  of  dengue  (A.V.  27-P)  during  the  first  day  of 
fever. 

Incubation  period. — August  26,  noon,  to  August  31,  p.  mu,  five  days. 
Occasional  temperature  of  99,  also  leukopenia  August  29  and  30  (5,350 
and  5,000). 

Dengue  fever. — August  31,  gradual  onset  in  a.  m.  with  headache  and 
chilliness.  Temperature  103.4;  no  rash;  first  day  of  leukopenia  (5,250). 
September  1  fever  high;  headache,  hip  and  elbow  joints  ache;  no  rash; 
leukocyte  count  7,250 ;  temperature  103.6.  September  2  fever  103 ;  head- 
ache, slight  generalized  soreness;  pain  in  left  groin;  glands  not  palpable; 
constipated,   anorexia,   nausea,   gums   sore,   dizzy   on   standing;    no   rash; 
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Fig.   93.     Experimental   dengue    in   American    volunteer   32, 

leukopenia  (4,700).  September  3  fever  reached  104.6;  leukopenia  (2,600); 
headache,  nausea  and  dizziness,  pains  in  legs,  feet,  and  hips;  some  tender- 
ness of  testicles;  no  rash.  September  4  temperature  104  in  a.  m.;  nausea, 
anorexia,  slight  headache  and  pain  in  eyes,  hips,  legs,  and  arms;  no  rash; 
temperature  101.6;  leukopenia  (2,700).  September  5  no  fever  except  99 
in  p.  m.;  feels  better  but  has  no  appetite  and  is  weak  and  dizzy  on  stand- 
ing; no  r^sh;  leukopenia  (2,150).  September  6  normal  except  weakness 
and  leukopenia  (3,900).  September  7  normal  except  weakness  and  leuko- 
penia   (5,100).     September  8   normal.     September   9   discharged. 

Summary. — Infectious  material  twenty- two  A.  albopictus  lot  43,  which 
were  infected  from  A.V.  27-P  fourteen  days  previously.  Incubation  period 
five  days.  Fever,  type  continuous;  duration  five  days;  height  104.6  F. 
Leukopenia  extreme;  low  point  (2,150);  duration  seven  days;  "V'-type 
tjurve.     Rash  none.     Virus  not  transferred. 


CONCLUSIONS 


1.  Injection  of  1  cubic  centimeter  of  frozen  desiccated  dengue-infected 
blood,  stored  twenty-one  days  at  18°  C.  did  not  produce  dengue  in  this 
individual. 


APPENDIX  355 

2.  Dengue  fever  developed  five  days  after  he  Was  bitten  by  A,  albo- 
pictus  lot  43,  proving  the  infectivity  of  these  mosquitoes  and  the  suscep- 
tibility of  the  volunteer. 

TEST    FOR    IMMUNITY    FIVE    MONTHS    LATER 

February  11,  1930,  or  about  five  months  after  infection,  A.V.  32-Whit- 
tier  was  bitten  by  fourteen  dengue-infected  A.  segypti  of  lot  135  in  order  to 
test  the  duration  of  the  immunity  produced  by  one  attack  of  dengue.  This 
man  had  not  been  sick  in  the  intervening  period.  As  deng^ue  did  not  occur 
it  may  be  concluded  that  Whittier  was  immunized  by  the  experimental 
attack  August  31,  1929,  and  that  this  immunity  protected  him  tot  more 
than  five  months. 

Dengue  volunteer  (American)  33. 

Bannen,  Henry,  Pvt.  (A.  S.  N.  6683415),  2&th  Bomb.  Sqdn.,  A.  C,  Ni- 
chols Field;  age  27  years;  race  white;  total  service  four  years;  tropical 
service  three  months  in  Cavite  (Navy),  two  years  in  Panama,  one  year 
Nichols  Field,  Philippine  Islands.  Born  in  Scotland;  lived  in  Michigan, 
Ohio,  Illinois,  Indiana,  and  New  York.  Arrived  in  Philippine  Islands 
June,  1928.  History  of  dengue  negative.  Admitted  to  experimental  ward 
August  21,  1929  (R.  N.  101702).  Physical  examination  and  routine  labo- 
ratory tests  showed  him  to  be  normal.  Preliminary  observation  period 
ten  days,  August  21  to  31,  1929.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — August  31,  p.  m.,  bitten  by  five  C,  quinquefasciatus 
lot  31,  which  had  taken  blood  forty-six  days  previously  from  an  ex- 
perimental case  of  dengue  (A.V.  21-M)  during  the  first  day  of  fever. 
August  31  to  September  14  no  evidence  of  dengue.  (Note:  September  8, 
otitis  media,  discharging  ear.) 

DENGUE    SUSCEPTIBILITY,  TEST 

Infectious  materiaL — September  14  bitten  by  thirty-three  A.  segypti 
lot  49,  which  nineteen  days  previously  had  fed  through  a  guinea-pig  skin 
on  citrated  blood  which  was  collected  from  A.V.  29-Johnston,  during  the 
first   day   of   dengue   fever. 

Incubation  period, — September  14,  a.  m.,  to  September  18,  p.  m.,  four 
and  one-half  days. 

Dengue  fever. — ^September*  18,  p.  m.,  onset,  temperature  100.8,  headache 
and  weakness,  leukocytes  normal;  ear  still  discharging.  September  19 
temperature  101  to  101.6,  headache,  eyes  ache,  leukocytes  increased  (8,900). 
September  20  temperature  100  to  100.4;  leukopenia  began  (4,300).  Sep- 
tember 21  temperature  99  to  100;,  leukocytes  (6,650) ;  feels  better.  Sep- 
tember 22,  temperature  98.2  to  102;  leukopenia  (4,100);  very  weak.  Sep- 
tember 23  temperature  101  to  102;  generalized  pains  especially  in  head, 
eyes,  and  joints,  dizzy,  anorexia,  leukopenia  (2,800).  September  24  tem- 
perature 99;  leukopenia  (2,500);  still  has  slight  pain  in  ear  and  some 
discharge.  September  25  feels  well;  ear  still  discharging;  last  day  of 
leukopenia  (4,650) ;  temperature  normal.  September  26  as  yesterday,  but 
normal  leukocyte  count   (6,800).     September  27  discharged. 
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Summary. — Infectious  material  thirty- three  A.  segypti  lot  49.  Virus 
in  mosquitoes  nineteen  days.  Incubation  period  four  and  one-half  days. 
Fever,  type  intermittent;  duration  six  days;  height  102*°  F.  Leukopenia 
extreme;  low  point  2,500;  duration  six  days;  "V"-type  curve;  large  va- 
cuolated monocytes  September  24  and  26.  Rash  none.  Virus  not  trans- 
ferred. 

CONCLUSIONS 

1.  The  feeding  of  five  C.  quinquefasciatus  lot  31  on  this  volunteer 
failed  to  produce  dengue  fever  in  eighteen  days. 

2.  The  development  of  dengue  fever  after  the  feeding  of  A,  segypti  lot 
49  proved  the  infectivity  of  this  lot  and  the  susceptibility  of  the  volunteer. 

TEST  FOR  DENGUE  IMMUNITY  FOUR  AND  ONE-HALF  MONTHS  LATER 

February  4,  1930,  or  four  and  one-half  months  later,  fourteen  dengue- 
infected  A.  segypti  lot  135  fed  on  Bannen.  This  man  had  not  been  sick  in 
the  intervening  period.  Since  these  mosquitoes  failed  to  produce  any 
recognizable  infection  it  may  be  concluded  that  Bannen  was  immunized 
by  the  experimental  attack  in  September,  1929,  and  that  this  immunity 
protected  him'  for  more  than  four  months. 

Dengue  volunteer  (American)   34. 

ScHOFiELD,  Glenn  J.,  Pvt.  (A.  S.  N.  6540860),  Med.  Dept.,  Nichols 
Field;  age  21  years;  white;  total  service  six  months;  tropical  service 
four  months.  Born  in  Montana;  lived  in  Idaho.  Arrived  in  Philippine 
Islands  April,  1929.  History  of  dengue  negative.  Admitted  to  experi- 
mental ward  August  21,  1929  (R.  N.  101701).  Physical  examination  and 
routine  laboratory  tests  showed  him  to  be  normal.  Preliminary  observa- 
tion period  ten  days,  August  21  to  31,  1929.  No  evidence  of  dengue 
fever. 

experimental 

Infectious  muteriaL — August  31  bitten  by  two  A.  albopictus  lot  43, 
which  had  taken  blood  nineteen  days  previously  from  an  experimental 
case  of  dengue   (A.V.  27-P)  during  the  first  day  of  the  disease. 

Incubation  period. — August  31  to  September   5,  five  days. 

Dengue  fever. — September  5,  p.  m.,  sudden  onset  with  typical  primary 
rash  on  chest  and  back;  face  flushed,  headache,  pain  on  motion  of  eyes, 
cervical  glands  palpable;  temperature  102.8;  leukopenia  began  (5,950). 
September  6  temperature  102.4  to  103.6;  symptoms  persist,  nauseated 
last  night,  leukopenia  (4,750).  Note:  Fed  three  hundred  eighty-six  nor- 
mal A.  aegypti  designated  lot  59  and  later  used  with  others  to  infect  lot 
96.  September  7  temperature  99  to  101.4;  symptoms  less  severe,  slight 
rash,  anorexia;  leukopenia  (3,600).  September  8  no  appetite,  temperature 
99.4  to  101.6;  rash  on  chest  and  back;  pain  in  right  wrist;  leukopenia 
(4,700).  September  9  temperature  102.4  to  102,  head  and  eyes  ache,  cer- 
vical glands  enlarged;  leukopenia  (2,400).  September  10  no  fever;  nau- 
seated after  breakfast;  vomited;  fainted;  rash  on  back,  chest,  and  abdo- 
men; cervical  and  right  inguinal  glands  enlarged;  leukopenia  (3,800). 
September  11  feels  well;  glands  still  palpable;  no  rash;  leukopenia  (5,850). 
September  12  normal  except  palpable  glands  and  leukopenia  (4,300).     Sep- 
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Fig.    95.     Experimental    dengue    in    American    volunteer    34. 

tember  13  leukopenia  only    (4,050).     September  14   discharged;   last  day 
of  leukopenia   (5,800). 

Summary. — Infectious  material  two  A.  albopictus  lot  43;  age  of  virus 
in  mosquitoes  nineteen  days.  Incubation  period  five  days.  Fever,  type 
remittent;  duration  five  days;  height  103.6.  Leukopenia  extreme;  lov/ 
point  (2,400) ;  duration  ten  days;  "V"^ype  curve.  Rash  both  primary  and 
secondary.  Virus  transferred  to  A.  albopictus  lot  58,  which  later  caused 
dengue  in  A.V.  45-V  and  A.V.  69-K. 


CONCLUSIONS 


Dengue  fever  was  caused  by  the  bite  of  two  A,  albopictus  lot  43,  which 
proved  that  this  species  of  mosquitoes  is  able  to  transmit  the  disease. 
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TEST    FOR   DENGUE   IMMUNITY   FIVE    MONTHS    LATER 

February  11,  1930,  or  five  months  after  Schofield  had  experimental 
dengue,  nine  dengue-infected  A.  segypti  lot  137,  fed  on  him.  This  man 
had  not  been  sick  in  the  intervening  period.  As  dengue  did  not  occur  it 
may  be  concluded  that  Schofield  was  immunized  by  the  experimental  attack 
in  September,  1929,  and  that  this  inununity  protected  him  for  more  than 
five  months. 

Dengue  volunteer  (American)  35. 

ECKMAN,  William,  Pvt.  (A.  S.  N.  6700264),  28th  Bomb.  Sqdn.,  A.  C, 
Nichols  Field;  age  29  years;  white;  total  service  six  months;  tropical 
service  two  months.  Born  in  Massachusetts  and  lived  in  Massachusetts. 
Arrived  in  Philippine  Islands  June,  1929.  History  of  dengue  negative. 
Admitted  to  experimental  ward  August  17,  1929  (R.  N.  101669).  Physical 
examination  and  routine  laboratory  tests  showed  him  to  be  normal.  Pre- 
liminary observation  period  nine  days,  August  17  to  26,  1929.  No  evidence 
of  dengue. 

H2XPERIMBNTAL 

Infectious  material. — August  26  bitten  by  A.  ssgypti  lots  92  a,  b,  c,  d, 
e,  f,  and  g,  which  had  taken  blood  August  5,  6,  7,  8,  and  9,  from  Philippine 
monkeys  (M.  philippinensis)  22,  23,  25,  26,  27,  28,  and  29,  respectively, 
following  attempts  to  infect  these  animals  by  injection  of  A.  segypti  lots 
30  and  32  August  2,  1929. 

Incubation  period. — August  26  to  September  1,  six  and  one-half  days. 

Dengue  fever. — September  1,  p.  m.,  onset;  temperature  100.4;  anorexia, 
headache,  legs  ache,  face  flushed,  generalized  rash;  leukocytes  7,000.  Sep- 
tember 2  symptoms  as  yesterday;  leukopenia  began  (5,700) ;  temperature 
102.  September  3  temperature  101.2;  symptoms  as  before,  also  eyes  ache 
when  used;  throat  sore;  leukopenia  (4,300).  September  4  temperature 
99.8;  marked  maculo-papular  rash  on  wrists,  back,  and  chest;  earache; 
leukopenia  (4,300).  September  5  feels  much  better;  temperature  100; 
leukopenia  persists  (3,600) ;  rash  less  pronounced.  September  6  tem- 
perature 101.4;  rash  faint;  leukopenia  (3,600).  September  7  no  fever; 
rash  faint  but  visible;  skin  itches;  leukocytes  (4,650),  otherwise  feels 
well.  September  8,  as  yesterday  but  leukocytes  5,450.  September  9  feels 
well;  slight  mottling;  last  day  of  leukopenia  (6,100).  September  10 
normal.     September  11  discharged. 

Summary. — Infectious  material  Aedes  segypti,  composite  lots  92  a  to 
g;  virus  in  mosquitoes  seventeen  to  twenty-one  days.  Incubation  period 
six  and  one-half  days.  Fever,  type  intermittent;  duration  five  days; 
height  102.  Leukopenia  marked;  low  point  3,600;  duration  eight  days; 
"U"-type  curve;  large  vacuolated  monocytes  noted  September  10,  one  day 
following  return  of  temperature  to  normal.  Rash  primary  and  sec- 
ondary. Virus  continued  in  lot  52  A:  asgypti  and  some  of  these  were  used 
with  other  dengue  infected  A.  segypti  to  infect  lot  96  A.  segypti  which  lot 
transferred  the  virus  to  A.V.  57-E. 
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F^G.  96.     Experimental  dengue  in  American   volunteer  35. 


CONCLUSIONS 

The  development  of  dengue  in  Eckman  indicated  that  one  or  more  of 
Philippine  monkeys  22,  23,  25,  26,  27,  28,  and  29  were  infected  with  dengue 
virus.     It  was  later  proved  that  lot  92-C  from  monkey  25  was  infected. 

Dengue  volunteer  (American)  36. 

ViLLERS,  Maynard,  Pvt.  (A.  S.  N.  6541434),  66th  Serv.  Sqdn.,  A.  C,  Ni- 
chols Field;  age  23  years;  white;  total  service  six  months;  tropical  serv- 
ice two  months.  Born  in  Lamed,  Kansas;  lived  in  Kansas,  Idaho,  and 
Washington.  Arrived  in  Philippine  Islands  June,  1929.  History  of  den- 
gue negative.  Admitted  to  experimental  ward  August  16,  1929  (R.  N. 
101663).  Physical  examination  and  routine  laboratory  tests  showed  him 
to  be  normal.  Preliminary  observation  period  ten  days,  August  16  to  26, 
1929.     No  evidence  of  dengue  fever. 
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EXPERIMENTAL 

Experiment  i. — August  26  bitten  by  thirty-three  A,  segypti  lot  62-B, 
which  had  emerged  August  17  to  20  from  larvae  raised  in  500  cubic  cen- 
timeters of  water  which  had  been  contaminated  daily  from  August  9  to 
17,  by  addition  of  five  macerated  adult  dengue-infected  A,  segypti  of  lot 
32.  August  26  to  September  3,  no  evidence  of  dengue.  September  3 
rebitten  by  eighteen  A,  segypti  lot  62-B.  September  3  to  11  no  evidence 
of  dengue.  September  11  rebitten  by  twelve  A,  segypti  lot  62-B.  Sep- 
tember 11  to  21  no  evidence  of  dengue. 

DENGUE   SUSCEPTIBILITY   TEST 

Infectiotts  material. — September  21,  9  a.  m.,  bitten  by  twenty-eight  A, 
segypti  of  combined  lots  44,  45,  46,  and  47,  which  had  previously  fed 
through  guinea-pig  skins  on  macerated,  infected  A,  segypti  suspended  in 
normal  blood.  The  blood  used  was  obtained  from  normal  volunteers  (A.V. 
34-E  and  A.V.  36-V)  who  were  then  being  observed  preliminary  to  ex- 
perimental use. 

Incubation  period. — September  21,  9  a.  m.,  to  September  26,  3  p.  m.,  five 
days. 

Dengue  fever. — Onset,  noon,  of  September  26,  1929,  with  headache,  pain 
and  dizziness  on  rotation  of  eyes,  fever  and  slight  primary  rash ;  leukopenia 
began  (4,200) ;  temperature  102.4.  Note:  Fed  one  hundred  eighty  normal 
A.  segypti,  designated  lot  71  and  used  later  to  transmit  dengue  to  A.V. 
48-H.  September  27  pain  in  back,  dizziness;  temperature  103.4;  leukopenia 
(4,400).  September  28  pains  in  head  and  eyes;  left  leg  aches;  cigarettes 
taste  "different;^*  dizziness;  constipation;  temperature  101;  leukopenia 
(4,150).  September  29  temperature  101.4;  leukopenia  (4,150);  nauseated. 
September  30  severe  pains  in  head  and  eyes;  rash  persisting;  temperature 
103.4;  leukopenia  (3,600);  some  enlargements  of  cervical  and  inguinal 
glands.  October  1  dizziness,  nausea,  headache,  pains  in  eyes;  terminal 
rash  pronounced  on  hands,  feet,  and  abdomen;  temperature  101;  leukopenia 
(2,750).  October  2  rash  persists,  weak,  marked  aching  of  maxillae  on 
mastication;  temperature  normal;  last  day  of  leukopenia  (4,550).  October 
3  rash  fading;  normal  temperature;  feels  well,  but  is  somewhat  weak. 
October  4  normal.     October  5  discharged. 

Summary. — Infectious  material  twenty-eight  A.  segypti  of  lots  44,  45, 
46,  and  47,  which  were  infected  from  A.  segypti  lots  30,  32,  35,  40,  and 
45;  age  of  virus  in  mosquitoes  29  to  31  days.  Incubation  period  five 
days.  Fever,  type  remittent;  duration  five  days;  height  103.4.  Leukopenia 
extreme;  low , point  (2,750);  "V"-type  curve;  duration  seven  days;  large 
vacuolated  monocytes  present  October  4,  or  three  and  one-half  days  after 
return  of  temperature  to  normal.  Rash  primary  and  secondary.  Virus 
continued  through  lot  71  to  volunteers  A.V.  48-H  and  A.V.  55-S. 

CONCLUSIONS 

Experiment  1  was  negative,  indicating  that  mosquitoes  in  lot  62-B 
were  not  infected. 

Experiment  2  proved  that  the  virus  of  dengue  was  transmitted  from  mos- 
quito to  mosquito  by  artificial  feeding  and  showed  that  the  volunteer  was 
susceptible  to  dengue. 
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TEST    FOR    IMMUNITY    FOUR    MONTHS    LATER 

February  5,  1930,  or  more  than  four  months  after  infection,  A.V. 
36-V  was  bitten  by  nine  dengue-infected  A.  segypti  of  lot  137  in  order  to 
test  the  duration  of  the  immunity  produced  by  one  attack  of  dengue. 
This  man  had  not  been  sick  in  the  intervening  period.  As  dengue  did  not 
occur  it  may  b<e  concluded  that  Villers  was  immunized  by  the  experimental 
attack  in  September,  19-29,  and  that  this  immunity  protected  him  for  more 
than  four  months. 

Dengue  volunteer  (American)  37. 

Mack,  Edwin  S.,  Pvt.  (A.  S.  N.  6701990),  28th  Bomb.  Sqdn.,  A.  C,  Ni- 
chols Field;  age  23  years;  white;  total  service  four  months;  tropical  serv- 
ice two  months.  Born  in  New  York;  lived  in  New  York  and  Michigan. 
Arrived  in  the  Philippine  Islands  June,  1929.  History  of  dengue  negative. 
Admitted  to  experimental  ward  August  17,  1929  (R.  N.  101668).  Phys- 
ical examination  and  routine  laboratory  tests  showed  him  to  be  normal. 
Preliminary  observation  period  eight  days,  August  18  to  26,  1929.  No 
evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — August  26  bitten  by  approximately  four  hundred  A. 
segypti  lot  93,  which  had  taken  blood  from  volunteers  (Filipino)  20-F, 
23-S,  24-A,  26-A,  27--A,  and  29~D,  four,  five,  six,  and  seven  days  after 
these  men  had  been  bitten  by  infected  A.  scgypti  of  lots  30  and  32.  August 
26  to  September  5  no  evidence  of  dengue. 

Experiment  2, — September  5  rebitten  by  three  hundred  fifty-two  A, 
xgypti  of  lot  93,  which  had  fed  on  Filipino  volunteers  20  to  29,  inclusively, 
on  the  fourth,  fifth,  sixth,  and  seventh  days  following  the  feeding  of 
dengue-infected  A.  se-gypti  of  lots  30  and  32.  September  5  to  14  no  evi- 
dence of  dengue. 

DENGUE   SUSCEPTIBILITY  TEST 

Infectious  material. — September  14  bitten  by  forty-two  A.  segypti  lot 
53,  which  fifteen  days  previously  had  fed  through  a  guinea-pig  skin  on 
fresh  citrated  blood  drawn  from  A.V.  31-Doel,  during  the  second  day  of 
dengue  fever. 

Incubation  period. — September  14  to  21,  seven  days. 

Dengue  fever, — Onset  September  21  at  3  p.  m.  with  fever  100.2;  head- 
ache; pain  in  testicles;  altered  sense  of  taste;  anorexia;  constipation; 
leukocytes  7,050.  September  22  anorexia,  generalized  aching,  pain  in  eyes; 
leukopenia  began  (3,500) ;  temperature  103.  September  23,  terminal  rash 
present;  temperature  103.4;  leukocytes  3,100.  September  24  temperature 
100;  leukocytes  3,950.  September  25  temperature  normal;  leukocytes  5,600. 
September  26  temperature  normal;  leukocytes  2,700;  rash  persisting,  but 
otherwise  normal.  September  27  temperature  normal;  leukocytes  5,200. 
September  28  last  day  of  leukopenia  (6,000)  ;  temperature  normal;  dis- 
charged. 

Summary. — Infectious  material  forty-two  A.  segypti  of  lot  53,  which 
were  infected  by  feeding  on  citrated  blood  obtained  from  A.V.  31-D  fifteen 
days  previously.  Incubation  period  seven  days.  Fever,  type  continuous; 
duration  fouH  days;  height  103.4°.  Lreukopenia  marked;  low  point  2,700; 
duration  seven  days;  large  vacuolated  monocjrtes  present  September  23,  the 
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third  day  of  dengue  fever.     Rash  secondary   (terminal,  first  noticed,  Sep- 
tember 23).     Virus  not  continued. 

CONCLUSIONS 

Experiments  1  and  2  proved  that  ten  Filipino  volunteers  did  not  have 
infective  amounts  of  dengue  virus  in  the  blood  on  the  fourth,  fifth,  sixth, 
and  seventh  days  following  an  infective  feeding  by  A,  segypti  of  lots  30 
and  32. 

Experiment  3  proved  that  the  virus  of  dengue  can  be  transmitted  to 
A.  segypti  by  drawing  dengue  blood  into  sodium  citrate  and  feeding  it  to 
mosquitoes  and  that  this  volunteer  was  susceptible  to  dengue. 

TEST  FOR  DENGUE  IMMUNITY  ABOUT  SEVEN  MONTHS  LATER 

April  17,  1930,  or  about  seven  months  after  infection,  A.V.  37-M  was 
bitten  by  five  A.  segypti  of  lot  195,  which  had  taken  blood  from  A.V.  85-T 
during  the  first  day  of  dengue  fever  in  order  to  test  the  duration  of  the 
immunity  produced  by  one  attack  of  dengue.  This  man  had  not  been 
sick  in  the  intervening  period.  Since  dengue  did  not  occur  it  may  be 
concluded  that  Mack  was  immunized  by  his  experimental  attack  in  Sep- 
tember, 1929,  and  that  this  immunity  protected  him  for  more  than  six 
months.  The  infectivity  of  lot  195  was  proved  subsequently  by  transmis- 
sion of  dengue  fever  by  this  lot  to  A.V.  96-H. 

Dengue  volunteer  (American)  38. 

Hartman,  George  D.,  Pvt.  (A.  S.  N.  6701894),  *'L"  Co.,  31st  Inf.,  Ma- 
nila;  age  20  years;  white;,  total  service  six  months;  tropical  service  two 
and  one-half  months.  Born  in  New  York;  lived  no  other  place.  Arrived 
in  the  Philippine  Islands  June,  1929.  History  of  dengue  negative.  Admit- 
ted to  experimental  ward,  August  27,  1929  (R.  N.  101763).  Physical  and 
routine  laboratory  examinations  showed  him  to  be  normal.  Preliminary 
observation  period,  eight  days,  August  27  to  September  5.  No  evidence  of 
dengue  fever. 

EXPERIMENTAL 

Infectious  material. — September  5  bitten  by  two  hundred  three  A. 
sdgypti  of  lots  92a,  b,  c,  d,  e,  f,  and  g,  which  had  previously  fed  on  seven 
Philippine  monkeys  (M.  philippinensis)  three  to  eight  days  after  an  at- 
tempt had  been  made  to  infect  them  by  injections  with  infected  A,  segypti 
lots  30  and  32.  The  following  numbers  of  lot  92  took  blood  from  Hartman: 
seventeen  of  lot  92a  (monkey  22),  twenty-four  of  lot  92b  (monkey  23), 
thirty-seven  of  lot  92c  (monkey  25),  thirty-six  of  lot  92d  (monkey  26), 
twenty-nine  of  lot  92e  (monkey  27)  twenty-three  of  lot  92f  (monkey  28), 
and  thirty-seven  of  lot  92g  (monkey  29). 

Incubation  period, — September  5  to  10,  five  days. 

Dengue  fever. — September  10  onset  at  3  p.  m.  with  generalized  aching; 
cramps  in  legs;  face  flushed,  eyes  injected,  weakness,  faint  mottling  on 
abdomen,  anorexia,  chilly  sensations,  headache,  pain  on  rotation  of  eyes; 
leukopenia  began  (6,300)  ;  temperature  100.4.  September  11,  as  before, 
inguinal  adenopathy;  temperature  104;  leukocytes  3,150.  Note:  Fed  ninety- 
five  normal  A.  asgypti  designated  lot  60,  and  later  used  with  others  to 
infect  lot  96.  September  12,  anorexia,  alteration  in  sense  of  taste,  weak- 
ness, muscular  pains,  but  feels  better  than  yesterday;  rash  on  abdomen, 
but  not  very  pronounced;  temperature  101.6;  leukocytes  4,750.     September 
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13  terminal  rash  about  thumbs,  on  arms  and  trunk;  some  headache,  no 
appetite  but  feels  better;  temperature  99.6;  leukocytes  3,100.     September 

14  beginning  of  "relapse"  with  return  of  symptoms;  temperature  100.2; 
leukocytes  3,100.  September  15  temperature  101  F.;  leukocytes  4,100; 
symptoms  still  present.  September  16  normal  temperature;  leukocytes 
3,950;  feels  well.  September  17  temperature  normal;  leukocytes  5,100. 
September  18  last  day  of  leukopenia  (5,800) ;  temperature  normal.  Sep- 
tember   19    feels   normal.     September   20    discharged. 

Summary. — Infectious  material  A,  asgypti  lot  92-a  to  g,  some  of  which 
were  infected  from  one  or  more  of  Philippine  monkeys  22,  23,  25,  26,  27, 
28,  and  29  at  periods  of  thirty-one,  thirty-two,  thirty-three,  thirty-four, 
thirty-five,  thirty-six,  and  thirty-seven  days  previously.  Incubation  period 
five  days.  Fever,  type  intermittent;  duration  five  and  one-half  days;  height 
104°  F.  Leukopenia  marked;  low  point  3,100;  duration  nine  days;  "W" 
type  curve;  large  vacuolated  monocytes  present  on  first,  second,  and  third 
days  after  temperature  had  returned  to  normal.  Rash  primary  and  sec- 
ondary. Virus  transmitted  to  A.  segypti  lot  60,  and  some  of  lot  60  were 
combined  with  mosquitoes  of  other  lots  and  used  to  infect  lot  96,  which 
transmitted  dengue  to  A.V.  57-E. 

CONCLUSIONS 

The  infectivity  of  A.  segypti  lot  92-a  to  g,  which  had  fed  thirty-one, 
thirty- two,  thirty-three,  thirty- four,  thirty-five,  thirty-six,  and  thirty-seven 
days  previously  on  seven  Philippine  monkeys  on  the  third,  fourth,  fifth, 
sixth,  and  seventh  days  following  the  injection  into  these  animals  of  a 
suspension  of  infected  A.  segypti^  proved  that  the  virus  had  multiplied  in 
the  blood  of  at  least  one  of  these  monkeys.  Monkey  25  was  later  proved 
infected  by  the  transmission  of  dengue  to  A.V.  42-H. 

Dengue  volunteer  (American)  39. 

Miller,  J.,  Pvt.  (A.  S.  N.  6811238),  Hdq.  Co.,  31st  Inf.,  Cuartel  de 
Espana,  Manila;  age  18  years;  race  white;  total  service  five  months;  trop- 
ical service  three  months.  Born  in  Harrisburg,  Pennsylvania;  lived  in 
Pennsylvania  and  Ohio.  Arrived  in  the  Philippine  Islands  June,  1929.  No 
history  of  dengue.  Admitted  to  experimental  ward  August  27,  1929  (R. 
N.  101766).  Physical  examination  and  routine  laboratory  tests  showed 
him  to  be  normal.  Preliminary  observation  period  ten  days,  August  27 
to  September  5,  1929.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Infectious  material. — September  5,  1929,  bitten  by  forty-seven  A.  segypti 
of  lots  44,  45,  46,  and  47,  which  had  been  fed  through  a  guinea-pig  skin, 
sixteen,  sixteen,  fifteen,  and  fourteen  days  previously,  on  different  lots  of 
macerated  infected  A.  segypti  (lots  30,  32,  35,  40,  and  41)  suspended  in 
normal  blood.  (Miller  was  bitten  by  seven,  three,  three,  and  thirty-four 
A,  segypti  of  the  respective  lots.) 

Incubation  period. — Six  days,  September  5  to  11   (3  p.  m.). 

Dengue  fever. — September  11,  sudden  onset  at  9  a.  m.  with  headache 
and  postorbital  pain,  dizziness  on  standing,  nauseated  after  drinking  cocoa ; 
rash  on  chest,  abdomen,  and  back ;  still  has  cough  which  began  three  days 
earlier;  at  3  p.  m.  fever  102.  Note;  Fed  sixteen  normal  A.  segypti  des- 
ignated lot  61  and  later  used  with  others  to  infect  lot  96.     September  12 
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Fig.    99.     Experimental    dengue    in    American    volunteer    38. 


fever;  leukopenia  began  (4,800);  temperature  103.4;  headache,  postorbital 
and  generalized  pains,  anorexia;  cigarette  smoke  and  food  taste  unnatural; 
nauseated;  left  cervical  glands  enlarged;  no  rash.  September  13  fever, 
101.6;  leukopenia,  4,750;  feels  slightly  better.  September  14  fever,  103; 
leukopenia,  4,650.  September  17  temperature  normal,  afternoon;  leuko- 
penia (4,800)  persists.  September  18  leukopenia  4,900  persists.  Septem- 
ber 19  last  day  of  leukopenia  (6,100).  September  20  normal.  September 
21  discharged. 

Summary, — Infectious  material  forty-seven  A.  segypti  of  lots  44,  45,  46, 
and  47,  w^hich  were  infected  from  lots  30,  33,  35,  40,  and  41,  sixteen,  sixteen, 
fifteen,  and  fourteen  days  previously.  Incubation  period  six  days.  Fever, 
type  intermittent;  duration  six  days;  height  103.4.  Leukopenia  extreme; 
low  point  2,900;  duration  eight  days;  "U"-type  curve;  large  vacuolated 
monocytes  present  on  first  day  following  return  of  temperature  to  normal. 
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Rash  primary.    Virus  continued  through  lot  61  A.  segypti  together  with 
lots  52,  54,  59,  60,  71,  76,  and  79  to  lot  96  and  by  this  lot  to  A.V.  57-E. 

CONCLUSION 

The  virus  of  dengue  was  transferred  from  infected  A.  segypti  to  normal 
A,  segypti  by  feeding  of  the  latter  on  a  suspension  of  the  former  in  normal 
blood. 

TEST  FOR  IMMUNITY  ABOUT  FIVE  MONTHS  LATER 

February  3,  1930,  or  about  five  months  following  the  infection,  Miller 
was  bitten  by  ten  dengue-infected  A,  segypti  of  lot  135  in  order  to  test 
the  duration  of  the  immunity  produced  by  one  attack  of  dengue.  This 
man  had  not  been  sick  in  the  intervening  period.  Since  dengue  did  not 
occur  it  may  be  concluded  that  Miller  was  immunized  by  the  experimental 
attack  in  September,  1929,  and  that  this  immunity  protected  him  for  a 
period  of  more  than  four  and  one-half  months. 
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Fio.  100.     Experimental  dengue  in  American  volunteer  39. 
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Dengue  volunteer  (American)  40. 

Walsh,  Frank  T.,  Pvt.  (A.  S.  N.  6130559),  "C"  Co.,  31st  Inf.,  Cuartel 
de  Espaiia,  Manila;  age  28  years;  white;  total  service  six  months;  tropical 
service  three  months  this  tour;  had  previous  service  in  Philippine  Islands 
and  in  other  tropical  countries.  Born  in  Connecticut;  lived  in  Florida, 
Georgia,  South  Carolina,  and  California.  Arrived  in  Philippine  Islands 
June,  1929.  History  of  dengue  negative,  probably  exposed  previously. 
No  childhood  diseases  nor  undiagnosed  fevers.  Pneumonia  in  1912.  Ad- 
mitted to  experimental  ward  August  27,  1929  (R.  N.  101765).  Physical 
examination  and  routine  laboratory  tests  showed  him  to  be  normal.  Pre- 
liminary observation  period  eighteen  days,  August  27  to  September  14, 
1929.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1, — September  14  bitten  by  five  A.  ssgypti  of  lot  92-F, 
which  thirty-six  to  forty  days  previously  had  taken  blood  from  M,  philip- 
pinensis  28.     Dengue  did  not  develop. 

Experiment  2. — September  25  bitten  by  fifteen  A,  segypti  of  lot  63, 
which  six  and  seven  days  earlier  had  fed  through  a  guinea-pig  skin  on 
a  blood  suspension  of  macerated  A.  segypti  of  lots  44,  45,  46,  and  47.  Den- 
gue fever  did  not  develop. 

Experiment  S. — October  2  rebitten  by  five  A»  segypti  of  lot  63.  Dengue 
fever  did  not  develop. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material. — October  11  eight  dengue-infected  A.  segypti  of  lot 
52  fed.  This  lot  of  mosquitoes  had  been  infected  forty-one  days  previously 
by  feeding  on  A.V.  31-D,  and  were  used  to  transmit  dengue  to  four  other 
individuals  as  follows:  A.V.  46-L  October  2;  A.V.  43-D  October  2;  A.V. 
41-F  October  7;  and  A.V.  44-F  October  11. 

Incubation  period. — Observed  in  hospital  for  eleven  days,  October  11  to 
22.     Did  not  develop  dengue  and  was  considered  to  be  immune. 

CONCLUSION 

Experiments  1,  2,  and  3  are  all  inconclusive  as  the  volunteer  was  proved 
to  be  immune  to  dengue. 

Dengue  volunteer  (American)  41. 

Fry,  Gerald  M.,  Pvt.  (A.  S.  N.  6541991),  31st  Inf.,  Cuartel  de  Espana, 
Manila;  age  24  years;  white;  total  service  six  months;  tropical  service 
three  months;  born  in  Sheridan,  Iowa;  lived  in  Missouri,  Nebraska,  and 
California;  arrived  in  Philippine  Islands  June,  1929.  History  of  dengue 
negative.  Admitted  to  experimental  ward  August  27,  1929  (R.  N.  101761). 
Physical  examination  and  routine  laboratory  tests  showed  him  to  be  nor- 
mal. Preliminary  period  nine  days,  August  27  to  September  5.  No  evi- 
dence of  dengue  fever. 

experimental 

Experiment  i. — September  5  bitten  by  twenty-eight,  thirty-seven,  thirty, 
twenty-six,  forty-one,  twenty-five,  forty- two,  and  eighteen  A,  ^gypti,  re- 
spectively, of  lots  94-a,  b,  c,  d,  e,  f,  g,  h,  which  had  fed  on  the  fourth, 

259452 24 
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fifth,  sixth,  and  seventh  days  follo\^^ng  intravenous  injections  of  dengue 
blood  (A.V.  27-P)  into  Filipino  volunteers  20-F,  21-D,  22^G,  24-A,  Z6-A, 
27-A,  28-R,  and  29-D.  Time  elapsing  since  feeding  of  the  lot  94  mos- 
quitoes and  this  experiment  was  from  seventeen  to  twenty  days.  Septem- 
ber 5  to  16,  no  evidence  of  dengue. 

Experiment  2. — September  16  bitten  by  thirty-three  A,  segypti  of  lot 
92-d,  fed  forty-five  days  previously  on  monkey  26.  September  16  to  26, 
no  evidence  of  dengue. 

Experiment  3. — September  26  bitten  by  one  hundred  five  and  one  hun- 
dred twenty  A,  segypti,  respectively,  of  lots  56  and  55,  fed  eighteen  or 
more  days  previously  on  chickens  1,  2,  3,  and  4,  which  had  received  an 
injection  of  dengue  blood  from  A.V.  31-D.  Lots  55  and  56  were  composed 
of  mosquitoes  that  had  fed  on  these  chickens,  three,  four,  five,  six,  seven, 
and  eight  days  after  the  inoculation  of  the  blood.  September  26  to  October 
7,  no  evidence  of  dengue. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  muterial. — October  7  six  dengue-infected  A,  segypti  of  lot 
52  fed  this  date.  This  lot  of  mosquitoes  had  been  infected  thirty-seven 
days  previously  from  A.V.  31-D  during  his  first  day  of  dengue  and  were 
also  used  to  transmit  dengue  to  three  other  volunteers  (A.V.  46-L,  A.V. 
43-D,  and  A.V.  44-F)   and  to  M.  fuscatus  2-W. 

Incubation  period. — Four  and  one-fourth  days,  a.  m.  October  7  to  p.  m. 
October  11. 

Dengue  fever. — Afternoon  of  October  11,  pain  in  head,  eyes,  back  and 
legs;  fever  99.6  in  the  afternoon;  chill  at  7  p.  m.;  leukocytes  9,750.  Octo- 
ber 13  fever,  101;  leukocytes  6,900;  flushed  face,  marked  rash,  headache, 
and  postorbital  pain  less  severe;  pain  in  back  and  legs;  dizzy  on  standing; 
no  nausea  or  taste  disturbance;  cervical  glands  palpable.  Note:  Fifty-nine 
normal  A.  segypti  were  fed  this  date,  October  13,  and  designated  lot  87. 
October  14  fever,  101;  eyes  and  back  still  ache  slightly;  feels  weak;  ma- 
culopapular  rash;  leukocytes  7,400.  October  15  fever;  no  pain;  still  weak; 
rash  unchanged;  temperature  a.  m.  99.6,  p.  m.  99.8  and  100.6;  leukopenia 
began  (4,950).  October  16  fever,  103.2;  rash  persists;  leukocytes  4,150; 
cervical,  inguinal,  and  epithrochlear  glands  enlarged;  otherwise  normal. 
October  17  fever,  101;  anorexia;  marked  generalized  maculopapular  rash; 
no  pains;  leukocytes  2,850.  October  18  normal  except  for  pain  in  jaw 
when  chewing;  leukocytes  5,300.  October  19  last  day  of  leukopenia  6,050. 
October  21  normal.     October  21  discharged. 

Surrmiary. — ^Infectious  material  six  A.  segypti  of  lot  52,  which  were 
infected  from  A.V.  31-D  thirty-seven  days  previously.  Incubation  period 
four  and  one-fourth  days.  Fever,  type  remittent;  duration  six  days;  height 
103.2.  Leukopenia  extreme;  low  point  2,850;  duration  five  days;  "V"-type 
curve;  large  vacuolated  monocytes  none.  Rash  primary  and  secondary. 
Virus  not  continued. 

CONCLUSIONS 

Experiment  1  proved  that  the  virus  of  dengue  was  not  present  in  in- 
fective amounts  in  the  blood  of  the  Filipino  volunteers  during  the  fourth, 
fifth,  sixth,  and  seventh  days  following  the  intravenous  injection  of  in- 
fected blood. 
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Experiment  2  indicated  that  Philippine  monkey  26  was  probably  not 
infected.  The  mosquitoes  that  remained  of  lot  92-d,  forty-five  days  follow- 
ing their  feeding  on  this  animal  failed  to  transmit  dengue. 

Experiment  3  indicated  that  chickens  1,  2,  3,  and  4  were  not  infected 
with  dengue  virus. 

Susceptibility  test. — The  susceptibility  of  the  volunteer  was  proved  by 
feeding  A.  segypti  of  lot  52. 

TEST  FOR  IMMUNITY  ABOUT  SIX  MONTHS  LATER 

April  28,  1930,  or  slightly  more  than  six  months  after  the  infection  of 
A.V.  41-Fry,  he  was  bitten  by  eight  A,  segypti  of  lot  195  which,  twenty-six 
days  previously,  had  taken  blood  from  A.V.  85-T  during  the  first  day 
of  dengue  fever.  Fry  had  not  been  sick  in  the  intervening  period.  As 
dengue  did  not  occur  it  may  be  concluded  that  Fry  was  immunized  by  the 
experimental  attack  in  October  and  that  this  immunity  protected  him  for 
more  than  six  months.  Note:  This  volunteer  was  readmitted  to  the  hos- 
pital May  1,  or  three  days  after  the  test  for  immunity.  At  3  p.  m.  his 
temperature  was  100.4  and  at  7  p.  m.  it  was  98.2.  May  2  temperature 
normal.  May  3  temperature  normal.  May  4  temperature  normal  7  a. 
m.,  100.6  at  3  p.  m.,  and  99  at  7  p.  m.  May  5  and  6  his  temperature  was 
normal,  and  May  7  he  was  discharged  without  the  cause  of  the  fever  being 
determined.  The  blood  counts  made  on  this  man  ruled  out  the  possibility 
of  dengue;  these  were: 

May  2. 

Total  count  11,250 

Lymphocytes  33 

Monocytes  3 

Eosinophiles  4 

Basophiles  2 

Neutrophiles  58 

Young  0 

Staff  2 

Segmented  56 

May  3,  total  count  9,350 

Note:  May  2  normal  A,  segypti  were  fed  to  be  used  later  for  infectivity 
test.  The  infectivity  of  lot  195  was  proved  subsequently  by  transmission 
of  dengue  fever  by  this  lot  to  A.V.  96-H. 

Dengue  volunteer  (American)  42. 

Hill,  William  R.,  Pvt.  (A.  S.  N.  6811878),  31st  Inf.,  station  Manila; 
age  22  years;  white;  total  service  six  months;  tropical  service  three  months. 
Born  in  Philadelphia,  Pennsylvania;  lived  in  Pennsylvania  and  New  Jer- 
sey. Arrived  in  Philippine  Islands  June  15,  1929.  History  of  dengue  neg- 
ative. Admitted  to  experimental  ward  September  13,  1929,  at  12  noon 
(R.  N.  101910).  Physical  and  routine  laboratory  tests  showed  him  to  be 
normal.  Preliminary  observation  period  eight  days,  September  13  to  21. 
No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Infectious  material. — September  21,  9  a.  m.,  bitten  by  twenty-eight  A. 
segypti  lot  92-c,  which  had  taken  blood  forty-one  to  forty-four  days  pre- 
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viously  from  Philippine  monkey  (M.  philippinensis)  25,  on  the  fifth,  sixth, 
seventh,  and  eighth  days  after  this  animal  had  been  injected  subcutaneously 
with  macerated  dengue-infected  A.  segypti  of  lots  30  and  32. 

Incubation  period. — September  21,  9  a.  m.,  to  September  26,  p.  m.,  five 
and  one-half  days. 

Dengue  fever, — September  26,  3  p.  m.,  sudden  onset  with  fever,  nausea, 
dizziness,  headache,  pain  in  eyes,  legs,  and  back;  anorexia;  inguinal  glands 
enlarged;  temperature  102.4;  leukocytes  6,600.  September  27  temperature 
102.4;  leukocytes  5,950.  Note:  Blood  drawn  in  citrate  solution  fed  to 
seven  hundred  fifty-five  normal  A.  mgypti  designated  lot  72  and  used  later 
with  others  to  infect  lot  96.  September  28  temperature  102;  leukocytes 
5,600.  September  29  temperature  101;  leukocytes  3,400.  September  30 
temperature  102;  leukocytes  4,550;  aching  and  weakness  accentuated.  Oc- 
tober 1  temperature  104;  leukocytes  2,650;  joints  ache.  October  2  temper- 
ature normal;  leukocytes  4,250;  terminal  rash,  especially  at  base  of  thumbs 
and  on  palms;  appetite  poor.  October  3  rash  appeared  on  feet  and  legs; 
temperature  100;  leukocytes  3,950;  otherwise  normal.  October  4  temper- 
ature normal;  leukocytes  5,350;  rash  persisting.  October  5  temperature 
normal;  leukocytes  5,100;  rash  disappeared.  October  6  temperature  nor- 
mal; leukocytes  5,000.  October  7  temperature  normal;  leukocytes  5,900; 
discharged. 

Summary, — ^Infectious  material  twenty-eight  A.  segypti  of  lot  92-c,  which 
were  infected  from  M.  philippinensis  25.  Incubation  period  five  and  one- 
half  days.  Fever,  type  remittent;  duration  six  days;  height  104.  Leuko- 
penia extreme;  low  point  2,650;  duration  eleven  days;  large  vacuolated 
monocytes,  none  noted.     Rash  terminal.     Virus  not  transferred. 

CONCLUSIONS 

Philippine  monkey  F.  25  (M.  philippinensis)  was  infected  with  dengue 
at  some  time  between  the  fifth  and  the  eighth  day  following  the  injection 
of  infective  A.  segypti  of  lots  30  and  32.  Mosquitoes  fed  on  monkey  25 
during  this  period  transmitted  dengue  to  man. 

Dengue  volunteer  (American)  43. 

D'Amours,  Roland,  Pvt.  (A.  S.  N.  6542001),  31st  Inf.,  Hq.  Co.;  age  18 
years;  white;  total  service  five  months;  tropical  service  three  months; 
born  in  Thibadeau,  Louisiana;  lived  in  Michigan  since  2  years  of  age. 
Arrived  in  Philippine  Islands  June  15,  1929.  History  of  dengue  negative. 
Admitted  to  experimental  ward  September  13,  1929  (R.  N.  101908).  Phys- 
ical examination  and  routine  laboratory  test  showed  him  to  be  normal. 
Preliminary  observation  period  eight  days,  September  13  to  21,  1929.  No 
evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1, — September  21,  9  a.  m.,  bitten  by  fourteen  A.  segypti  of 
lot  92-b,  which  had  taken  blood  forty-three  days  previously  from  Philip- 
pine monkey  M,  philippinensis  23 ;  four,  five,  six,  seven,  and  eight  days  after 
this  animal  had  been  inoculated  subcutaneously  and  intracardially  with 
a  suspension  of  macerated  dengue-infected  A.  segypti  of  lots  30  and  32. 
September  21  to  October  2  no  evidence  of  dengue.  Note:  September  26, 
11  a.  m.,  one  hundred  eighty-eight  normal  A.  segypti  were  fed  and  desig- 
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Fig.    103.     Experimental   dengue    in    American    volunteer   42. 

nated  lot  70.     However,  as  D 'Amours  did  not  have  dengue  at  this  time, 
the  lot  70  mosquitoes  were  subsequently  discarded. 


DENGUE  SUSCEPTIBILITY  TEST 

Infectious  ynaterial. — October  2,  11  a.  m.,  bitten  by  nine  A.  aegypti  lot 
52,  which  had  taken  blood  thirty-two  days  previously  from  A.V.  31-D 
during  the  first  day  of  dengue  fever. 

Incubation  period. — October  2,  11  a.  m.,  to  October  6,  7  p.  m.,  four  and 
one-fourth  days. 

Dengue  fever. — ^October  6,  p.  m.,  fever,  nausea,  loss  of  appetite,  dizzi- 
ness ;  head,  eyes,  neck,  and  back  aching ;  total  leukocyte  count  6,000.  Note : 
At  10.30  a.  m.  eighty  normal  A.  segypti  were  allowed  to  feed,  and  were 
designated  lot  76,  later  used  with  various  other  lots  (see  lot  54)  in  an 
experimental  attempt  to  transfer  dengue  virus  from  infected  to  normal 
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A.  segyptiy  lot  96.  October  7,  same  as  October  6,  with  increased  severity; 
leukocytes  5,100;  no  desire  for  cigarettes  as  they  *'taste'*  badly.  October  8 
soreness  of  teeth  and  jaws,  and  pains  in  arms  and  leg's  in  addition  to  the 
foregoing;  temperature  101.8;  leukocytes  4,000.  October  9  eyes  painful; 
taste  sense  altered;  slight  enlargement  of  right  submaxillary  lymph  nodes; 
some  vertigo  and  dizziness;  temperature  101;  leukocytes  2,600.  October 
10  slight  headache;  eating  better;  slight  rash  (?) ;  temperature  101;  leuko- 
cytes 2,600.  October  11  adenopathy  right  cervical;  rash  faint;  temperature 
102;  leukocytes  2,650.  October  12  rash  faint  on  wrists  and  chest;  feels 
better;  temperature  99;  leukocytes  3,550.  October  13  normal  except  for 
leukopenia  (3,800);  no  rash.  October  14  temperature  99.2;  leukocytes 
4,150.  October  15  leukocytes  4,050.  October  16  leukocytes  5,900.  October 
17  temperature  99;  leukocytes  6,300.     October  18  normal;  discharged. 

Summary. — Infectious  material  nine  A,  segypti  which  were  infected 
from  A.V.  31-D  thirty-two  days  previously.  Incubation  period  four  and 
one-fourth  days.  Fever,  type  remittent;  duration  five  and  one-half  days; 
height  103.6.  Leukopenia  extreme;  low  point  2,600;  duration  eight  days; 
"V'*-type  curve;  large  vacuolated  monocytes  present  on  October  14  one 
aild  three  days  after  temperature  had  returned  to  normal.  Note:  This 
man  ran  a  low  to(tal  leukocyte  count  during  his  entire  stay  in  the  hospital. 
The  duration  of  the  leukopenia  is  only  an  estimate.  Rash  primary,  slight. 
Virus  continued  to  lot  76  and  some  of  these  were  combined  with  other 
dengue-infected  A.  segypti  and  fed  to  lot  96  which  transmitted  dengue  to 
A.V.  57-E. 

CONCLUSIONS 

Experiment  1  suggests  that  Philippine  monkey  23  was  not  infected  by 
dengue-infected  A,  segypti  lots  30  and  32. 

Experiment  2  proved  the  susceptibility  of  the  volunteer  to  dengue  virus 
and  the  infectivity  of  lot  52  A.  segyptL 

Dengue  volunteer  (American)  44. 

Fansler,  Douglas  E.,  Pvt.  (A.  S.  N.  6543728),  31st  Inf.,  Manila;  age 
27  years;  white;  total  service  six  years;  tropical  service  five  months  in 
Philippines  and  six  years  in  Hawaii.  Born  in  Bakersfield,  California; 
tramped  through  Texas,  New  Mexico,  Arizona,  Old  Mexico;  lived  in  Old 
Mexico  two  years,  in  Hawaii  six  years.  Arrived  in  Philippine  Islands 
April  3,  1929.  History  of  dengue  negative.  Admitted  to  experimental 
ward  September  13,  1929  (R.  N.  101909).  Physical  and  routine  laboratory 
examinations  showed  him  to  be  normal.  Preliminary  observation  period 
eight  days,  September  13  to  21,  1929,  during  which  there  was  no  evidence 
of  dengue  fever. 

EXPERIMENTAL 

Experiment  i. — September  21,  9  a.  m.,  bitten  by  fifteen  A,  segypti  lot 
92-e,  which  had  taken  blood  thirty-seven  to  forty-three  days  previously 
from  Philippine  monkey  {M.  philippinensis)  27,  four,  five,  six,  seven,  and 
eight  days  after  this  animal  had  been  inoculated  subcutaneously  and  in- 
tracardially  with  macerated  dengue-infected  A,  segypti  of  lots  30  and  32. 
September  21,  9  a.  m,,  to  October  2,  11  a.  m.,  no  dengue. 

Experiment  2, — October  2,  11  a.  m.,  bitten  by  seven  A,  segypti  of  lot 
63,  which  fifteen  and  sixteen  days  previously  had  fed  through  guinea-pig 
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skin  on  eighteen  and  twenty-four  macerated  dengue-infected  A.  segypti  of 
combined  lots  44,  45,  46,  and  47  suspended  in  4  and  5  cubic  centimeters  of 
normal  human  blood  from  A.V.  43-D.  These  lot  63  mosquitoes  if  success- 
fully infected  would  have  represented  a  second  transfer  in  series  of  virus 
from  infected  to  normal  A,  segypti,     October  2  to  11,  no  evidence  of  dengue. 

DENGUE   SUSCEPTIBILITY  TEST 

Infections  material. — October  11,  9  a.  m.,  bitten  by  eight  A,  sagypti  lot 
52,  which  had  taken  blood  forty-one  days  previously  from  volunteer  A.V. 
31-D,  during  the  first  day  of  dengue  fever. 

Incubation  period. — October  11  to  16,  five  days. 

Dengue  fever. — October  16,  8  p.  m.,  with  pain  in  chest,  hysteria,  claimed 
he  could  not  get  his  breath.  (Note:  Eighty  normal  A.  segypti  allowed  to 
feed,  designated  as  lot  91  but  were  not  tested  for  inf ectivity . )  October  17 
leukopenia  began  (6,400)  jl  temperature  100.4;  cough  and  coryza,  diagnosed 
by  ward  surgeon  as  influenza.  October  IS  legs  ache,  but  no  other  pains; 
maculo-papular  rash;  adenopathy,  both  cervical  and  epitrochlear ;  temper- 
ature 100.2;  leukocytes  4,200.  October  19  states  that  he  is  well;  rash 
persists;  cervical  glands  enlarged;  temperature  99.4;  leukocytes  3,300.  Oc- 
tober 20  rash  more  pronounced  but  there  are  no  other  symptoms  of  dengue 
except  a  p.  m.  temperature  of  101.6;  leukocytes  7,300.  October  21,  22, 
and  23  normal  but  faint  rash  still  discernible  on  wrists  and  ankles.  (Note: 
Very  few  symptoms  of  dengue  fever  present  in  this  case.  There  was  a 
small  ward  epidemic  of  influenza  present  at  the  time  he  developed  fever. 
The  terminal  rash  and  leukopenia  indicated  that  the  illness  was  dengue.) 

Summary. — Infectious  material  eight  A.  segypti  of  lot  52,  which  were 
infected  from  A.V.  31-D  August  31  or  forty-one  days  previously.  Incu- 
bation period  five  days.  *Fever',  duration  five  and  one-half  days; 
height  101.6°  F.  Leukopenia  marked;  low  point  3,300;  duration  four 
days;  "V"-type  curve;  large  vacuolated  monocytes  present  October  22  and 
23.  Rash  secondary,  terminal.  Virus  transferred  to  A.  segypti  lot  91, 
but  this  lot  was  not  used. 

CONCLUSIONS 

Experiment  1. — An  injection  of  macerated  dengue-infected  A.  aegypti  of 
lots  30  and  32  apparently  failed  to  cause  dengue  in  M.  philippinensis  27. 

Experiment  2. — The  attempt  to  effect  a  second  transfer  of  virus  from 
mosquito  to  mosquito  was  unsuccessful. 

Susceptibility  test. — Proved  the  susceptibility  of  the  volunteer  and  the 
inf  ectivity  of  lot  52  A.  segypti.  (However,  in  view  of  the  fact  that  this 
lot  had  previously  caused  severe  cases  of  dengue  in  several  volunteers, 
see  record  of  A.  segypti,  and  caused  only  a  mild  infection  in  this  volunteer, 
leads  one  to  speculate  whether  or  not  some  partial  immunity  might  have 
been  induced  by  the  feeding  of  lot  63  A.  segypti  as  detailed  in  experi- 
ment 2.) 

Dengue  volunteer  (American)  45. 

Vaughn,  John  J.,  Pvt.  (A.  S.  N.  6814005),  "C^*  Co.,  31st  Inf.,  Manila; 
age  25  years;  white;  total  service  six  months;  tropical  service  three 
months.  Born  in  Winston-Salem,  North  Carolina;  lived  in  the  same  place. 
Arrived  in   Philippine   Islands   June,   1929.     History  of  dengue   negative. 
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Admitted  to  experimental  ward  September  12,  1929  (R.  N.  101895).  Phys- 
ical examination  and  routine  laboratory  tests  showed  him  to  be  normal. 
Preliminary  observation  period  nine  days,  September  12  to  21.  No  evid- 
ence of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — September  21  a.  m.,  bitten  by  twenty-eight  A.  segypti 
lot  92-F,  which  fifty-two  to  fifty-seven  days  previously  had  taken  blood 
from  Philippine  monkey  (M.  cynomolgus)  28,  four,  five,  six,  seven,  and 
eight  days  after  this  animal  had  been  injected  subcutaneously  and  intra- 
cardially  with  macerated  dengue-infected  A,  segypti  of  lots  30  and  32. 
September  21  to  October  2  no  evidence  of  dengue. 

DENGUE   SUSCEPTIBILITY  TEST 

Infectious  material. — October  2,  11  a.  m.,  bitten  by  three  A.  albojrictus 
lot  58,  which  had  taken  blood  twenty-six  days  previously  from  A.V.  34-S 
during  the  first  day  of  dengue  fever. 

Incubation  period. — ^October  2,  11  a.  m.,  to  October  7,  3  p.  m.,  five  days. 

Dengue  fever. — Onset  October  7,  3  p.  m.,  with  chill,  nausea,  headache, 
and  general  body  pains;  sense  of  taste  abnormal;  dizziness  on  standing; 
temperature  99.6;  total  leukocytes  4,600.  October  8  and  9  back  painful 
and  tender  to  touch;  face  flushed  but  no  distinct  rash;  palpable  cervical 
glands;  eyes  ache  when  used;  temperature  102;  leukocyte  total  6,950. 
October  10  no  pains;  maculopapular  rash  on  chest  and  abdomen;  feels 
well  but  temperature  still  elevated;  total  leukocytes  4,100.  October  11 
symptoms  return;  anorexia,  dizziness,  weak,  generalized  body  pains;  tem- 
perature 100.8;  total  leukocytes  4,100.  October  12  feels  well;  rash  still 
present  but  it  is  not  marked ;  temperature  98.6 ;  total  leukocytes  3,900.  Oc- 
tober 13  mottled  rash  over  neck,  chest,  and  abdomen;  temperature  nor- 
mal; feels  well,  but  leukopenia  persists;  3,600  (low  point).  October  15 
discharged;  temperature  normal;  total  leukocytes  4,450. 

Summary. — Infectious  material  three  A.  albopictus  of  lot  58,  which 
were  infected  from  A.V.  34-S  twenty-five  days  previously.  Incubation 
period  five  days.  Fever,  type  remittent;  duration  four  days;  height  102 °F. 
Leukopenia  marked;  low  point  3,600;  duration  eight  days  plus;  "U^'-type 
curve.  Large  vacuolated  monocytes  present  October  15,  four  days  follow- 
ing return  of  temperature  to  normal.  Rash  secondary.  Virus  not  con- 
tinued. 

CONCLUSIONS 

Experiment  1. — Philippine  monkey  28  was  proved  not  susceptible  to 
infection  with  dengue  virus.  The  susceptibility  test  proved  the  suscepti- 
bility of  this  volunteer  and  the  infectivity  of  lot  58  A.  albopictus. 

Dengue  volunteer  (American)  46. 

LOCKWOOD,  Edwaud,  Pvt.  (A.  S.  N.  6349179),  66th  Service  Sqdn.,  A.  C, 
Nichols  Field;  age  26  years;  white;  total  service  five  and  one-half  years; 
tropical  service  five  months.  Bom  in  New  York ;  lived  in  Alabama,  Arizona, 
Texas,  and  California.  Arrived  in  Philippine  Islands  April,  1929.  His- 
tory of  dengue  negative.  Admitted  to  experimental  ward  September  12, 
1929    (R.  N.  101894).     Physical  examination  and  routine  laboratory  tests 
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382  APPENDIX 

showed  him  to  be  normal.     Preliminary  observation  period   1   day,   Sep- 
tember 12  to  14,  1929.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  i. — September  14  bitten  by  four  of  six  A.  aegypti  left  in 
lot  62.  This  lot  originally  consisted  of  about  fifty  normal  mosquitoes, 
which  each  day  from  August  14  to  September  14  had  been  fed  on  small 
pieces  of  banana  and  papaya  and  had  been  given  small  amounts  of  water 
all  of  which  were  used  the  day  before  by  dengue-infected  A.  segypii  of  lot 
30.     September  14  to  23  no  evidence  of  dengue. 

Experiment  2. — September  23  bitten  by  nine  A.  aegypti  lot  92-a,  which 
forty-eight  to  fifty-three  days  previously  had  taken  blood  from  Philippine 
monkey  (M.  philippinensis)  22,  four,  five,  six,  seven,  and  eight  days  after 
this  animal  had  been  injected  subcutaneously  and  intracardially  with  ma- 
cerated dengue-infected  A.  aegypti  of  lots  30  and  32.  September  23  to  Oc- 
tober 2  no  evidence  of  dengue. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  m^aterial. — October  2,  11  a.  m.,  bitten  by  ten  A,  aegypti,  lot 
52,  which  thirty-two  days  previously  had  taken  blood  from  volunteer  (A.V. 
31— D)  during  the  first  day  of  dengue  fever. 

Incubation  period. — October  2,  11  a.  m.,  to  October  7,  p.  m.,  five  and  one- 
half  days. 

Dengue  fever. — October  7,  p.  m.,  temperature  99;  onset  with  chilliness, 
headache,  eyes,  and  backache ;  nausea  but  no  vomiting ;  no  rash ;  leukopenia 
began  (6,300).  October  8  and  9,  slight  fever;  aching  continues;  jaws  ache; 
dizzy;  legs  ache;  no  rash;  cervical  and  right  inguinal  glands  enlarged; 
leukocytes  5,250.  Note:  October  9  fed  three  hundred  thirty  normal  A. 
aegypti  and  designated  them  lot  79.  October  10  slight  headache;  pain 
in  eyes;  no  other  pains;  no  rash;  temperature  100.4;  total  leukocytes  4,500. 
October  11  no  pain  except  headache  provoked  by  movement  of  eyes;  tem- 
perature 101.2;  total  leukocytes  3,250  (low  point).  October  12  pains  have 
subsided  but  is  weak;  fainted;  nauseated  by  food  and  water;  rash  question- 
able; temperature  102.4;  total  leukocytes  3,950.  October  13  feels  well  but 
weak;  questionable  rash;  last  day  of  leukopenia  (4,900)  and  fever  (101). 
October  15,  discharged;  no  rash. 

Summary. — Infectious  material  ten  A.  aegypti  of  lot  52,  which  were  in- 
fected from  A.V.  31-D  thirty-two  days  previously.  Incubation  period  five 
and  one-half  days.  Fever,  type  intermittent;  duration  five  and  one-half 
days;  height  102.4°  F.  Leukopenia  marked;  low  point  3,250;  duration  nine 
days;  "V"-type  curve;  no  large  vacuolated  monocjrtes  noted.  Rash  sec- 
ondary. Virus  transferred  to  lot  79,  which  was  combined  with  others 
in  feeding  normal  mosquitoes  on  dengue  infected  A.  aegypti  (see  lot  96). 

CONCLUSIONS 

Experiment  1. — The  difficulties  attending  an  experiment  of  this  nature 
are  such  that  the  negative  result  of  this  particular  test  does  not  rule 
out  the  possibility  of  virus  passage  from  contamination  of  food  and 
water  by  infected  mosquitoes. 
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384  APPENDIX 

Experiment  2. — Philippine  monkey  (M.  philippmensis)  22  probably  was 
not  infected  with  dengue  virus  by  the  injection  of  infected  A.  segypti  of  lots 
30  and  32.  Note:  The  susceptibility  of  this  volunteer  was  proved  by  lot 
52  A.  ssgypti, 

TEST  FOR  IMMUNITY  SIX  MONTHS  LATER 

April  16,  1930,  or  fourteen  days  more  than  six  months  after  infection, 
A.V.  46-L  was  bitten  by  nine  A,  segypti  of  lot  190,  which  had  fed  March 
24  on  A.V.  87-R  during  the  first  twenty-four  hours  of  dengue  fever.  As 
this  man  had  not  been  sick  in  the  intervening  period  and  since  dengue 
did  not  occur  it  may  be  concluded  that  Lockwood  was  immunized  by  the 
experimental  attack  in  October,  1929,  and  that  this  immunity  protected 
him  for  more  than  six  months.  The  infectivity  of  lot  190  was  proved 
subsequently  by  the  transmission  of  dengue  from  this  lot  to  A.V.  95-D. 

Dengue  volunteer  (American)  47. 

DONATO,  Frank,  Pvt.  (A.  S.  N.  6812932),  "C"  Co.,  31st  Inf.,  Cuartel  de 
Espafia,  Manila;  age  19  years;  white;  total  service  6  months;  tropical 
service  three  months.  Born  and  lived  in  Philadelphia,  Pennsylvania. 
Arrived  in  Philippine  Islands  .June,  1929.  History  of  dengue  negative. 
Admitted  to  experimental  ward  September  21,  1929  (R.  N.  101975).  Phys- 
ical examination  and  routine  laboratory  examinations  showed  him  to  be 
normal.  Preliminary  observation  period  eight  days,  September  21  to  28. 
No  evidence  of  dengue  fever. 

experimental 

Experiment  1. — In  order  to  determine  the  possible  infectivity  of  A. 
segyptiy  lot  69,  which  had  fed  only  five  days  previously  on  a  suspension, 
in  blood  of  A,  segyptiy  lots  44,  45,  46  and  47y  which  had  in  turn  been  in- 
fected by  feeding  on  other  dengue-infected  A,  segypti  of  lots  32,  35,  40, 
and  41.  September  28  ninety-five  A.  segypti  lot  69  were  fed.  September 
29  to  October  7  no  evidence  of  dengue  fever. 

Experiment  2. — Infectious  material  October  7  fifty  A,  segypti  of  lot  69 
refed. 

Incubation  period. — October  7  to  12,  a.  m.,  five  days. 

Dengue  fever. — October  12  temperature  7  a.  m.  99,2;  3  p.  m.  100.2; 
7  p.  m.  100.6;  appetite  poor,  feels  weak,  eyes  hurt;  leukocytes  5,550;  no 
rash.  October  13  temperature  7  a.  m.  98.6;  10  a.  m.  99.2;  p.  m.  100.6; 
leukocytes  5,800;  headache,  backache,  and  pains  in  eye  muscles;  anorexia; 
no  rash.  (Note:  Fifty-two  A.  segypti  fed,  designated  lot  86,  and  later 
transmitted  dengue  to  A.V.  50-C  and  A.V.  51-S.)  October  14  temperature 
a.  m.  100.6;  p.  m.  100.6  and  101.  Feels  better,  but  is  weak  and  still  has 
slight  pain  in  head,  back,  and  eyes;  no  rash;  leukocyte  count  5,250.  Oc- 
tober 15  temperature  90.4  in  a.  m.,  normal  thereafter;  feels  well;  leukocyte 
count  5,700.  October  16  right  cervical  glands  enlarged;  normal;  leukocyte 
count  4,550;  feels  normal.  October  17  normal  except  temperature  99,  and 
leukocyte  count  6,200.  October  18  temperature  normal;  leukocyte  count 
5,850.      October   19   temperature   normal;    leukocyte    count   5,100. 
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IMMUNITY  TEST 

Experiment  3, — October  19  bitten  by  eleven  dengue-infected  A.  mgypti 
of  lot  52,  which  forty-nine  days  previously  had  taken  blood  from  volunteer 
A.V.  31-D.     October  19  to  29,  no  evidence  of  dengue. 

Swnvmary, — Infectious  material  fifty  A,  segypti,  lot  69,  which  had  fed 
on  A,  segypti  lots  44,  45,  46,  and  47  fourteen  days  previously.  Incubation^ 
period  five  days.  Fever,  duration  three  and  one-half  days;  type  intermit^ 
tent;  height  101''  F.  Leukopenia  mild;  duration  nine  days  (6,500  to  4,550). 
Unusual  blood  cells  none.  Rash  none.  Virus  transferred  through  A^ 
Kgypti  lot  86  to  A.V.  51--S  and  A.V.  50-C. 

CONCLUSIONS 

1.  In  experiment  1  A.  segypti  of  lot  69  failed  to  produce  dengue  very 
probably  due  to  the  fact  that  the  virus  had  been  in  these  mosquitoes  for 
only  five  days. 

2.  In  experiment  2  the  feeding  of  the  same  lot  of  sixty-nine  A,  segypti 
in  which  the  virus  had  been  in  the  mosquitoes  for  fourteen  days  was  fol- 
lowed in  five  days  by  mild  dengue  fever,  which  was  proved  by  infecting 
normal  A.  segypti  lot  86  at  this  time.  The  mildness  of  the  attack  suggests 
a  possible  modification  of  the  virulence  by  the  second  passage  of  the  virus 
from  mosquito  to  mosquito. 

•      3.  Experiment  3.     This  volunteer  was  immune  October  19,  when  bitten 
by  a  known  infected  lot  of  A,  segypti. 

Dengue  volunteer  (American)  48. 

Henry,  Selmar  A.,  Pvt.,  "G''  Co.,  31st  Inf.,  Manila;  age  24  years; 
white ;  total  service  eleven  months ;  tropical  service  nine  months.  Born 
in  Crookson,  Minnesota;  lived  in  Montana,  Washington,  California,  and 
Kansas.  Arrived  in  Philippine  Islands  January,  1929.  History  of  dengue 
negative.  Admitted  to  experimental  ward  September  29,  1929  (R.  N. 
102054) .  Physical  examination  and  routine  laboratory  tests  indicated  that 
he  was  normal.  Preliminary  observation  period  eight  days,  September  29 
to  October  7,  1929.     No  evidence  of  dengue  fever. 

EXPERIMENTAL^ 

Experiment  J.— To  test  the  infectivity  of  A.  segypti  previously  fed  on 
"cultures"  of  dengue  blood.  October  7  to  10,  a.  m.,  bitten  by  eighty-two, 
thirty-two,  and  nineteen  A.  xgypti,  respectively,  of  lots  64,  65,  and  66, 

Experiment  2, — October  15,  a.  m.,  fed  A,  segypti  as  follows:  thirty-five 
from  lot  64,  twelve  from  lot  65,  eleven  from  lot  66  and  two  from  lot  74. 
Mosquitoes  of  these  lot  numbers  had  previously  fed  on  "cultures"  of  den- 
gue blood.  October  15  to  21.  No  evidence  of  dengue  but  an  influenzal 
infection  was  contracted. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material. — October  21,  10  a.  m.,  bitten  by  sixty-four  A, 
segypti  of  lot  71,  which  twenty-five  days  previously  had  taken  blood  from 
volunteer  A.V.  36-V  during  his  first  day  of  dengue. 

Incubation  period,— October  21,  10  a.  m.,  to  October  26,  3  p.  m.,  five 
.days. 
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Dengue  fevey\ — October  26  onset  in  morning  with  headache,  backache, 
chilly  sensations,  weakness,  dizziness;^  nauseated  after  drinking  coffee; 
eye  muscles  ache;  face  flushed,  fever  in  afternoon;  leukocyte  count  normal 
(7,300);  no  definite  rash.  October  27  same  symptoms;  temperature  102, 
103.2,  and  102.8;  leukocyte  count  5,100;  no  rash.  (Note:  Three  hundred 
seventy  normal  A.  segypti  fed  about  noon,  designated  lot  95,  but  this  lot 
was  not  used  to  continue  the  virus  strain.)  October  28  fever  persists 
but  is  lower;  still  has  backache;  left  cervical  and  inguinal  glands  enlarged; 
no  rash;  leukocyte  count  3,900.  October  29  feels  better,  but  still  has  slight 
backache;  temperature  99.6  in  a.  m.,  101.8  in  p.  m.;  leukocyte  count  3,650; 
vomited  in  a.  m.  October  30  temperature  100.6  to  102;  slight  headache 
and  backache;  some  nausea  and  vomiting;  cervical  glands  enlarged;  leuko- 
cytes 2,850.  October  31  temperature  100;  slight  headache;  anorexia; 
hands  itch;  rash  on  hands,  feet,  and  chest;  leukocytes  2,050.  November 
1  temperature  normal;  rash  persists;  leukocytes  4,450.  November  2  nor- 
mal, except  rash  and  leukocytes  5,700.  November  3  normal,  except  leuko- 
cytes 5,700.  November  4  normal,  except  leukocytes  6,100.  November  5 
to  7  normal;  discharged. 

Summary. — Infectious  material  sixty-four  A.  aegypti,  lot  71.  Age  of 
virus  in  mosquitoes  twenty-five  days.  Incubation  period  five  days.  Fever, 
duration  five  and  one-half  days;  type  remittent;  height  103.2°.  Leukopenia 
extreme;  low  point  2,050;,  duration  nine  days;  **V"-type  curve.  Unusual 
blood  cells,  large  vacuolated  monocytes  on  fifth  and  sixth  day  of  fever 
and  for  three  days  after  return  to  normal.  Rash  secondary  (terminal). 
Virus  transferred  to  A.  segypti  lot  95,  but  this  lot  was  not  used  to  continue 
the  strain. 

CONCLUSIONS 

1.  Experiments  1  and  2  negative,  indicating  that  the  virus  of  dengue 
was  not  cultivated  by  the  technic  used. 

2.  The  development  of  dengue  fever  five  days  after  the  biting  by  sixty- 
four  A.  segypti  lot  71  proved  the  infectivity  of  this  lot  and  the  susceptibil- 
ity of  this  volunteer. 

TEST  FOK  IMMUNITY  SIX  MONTHS  LATER 

April  28,  or  seven  months  after  infection,  A.V.  48-H  was  bitten  by 
twelve  A.  segypti  of  lot  195,  which  had  fed  on  A.V.  85-T  during  the  first 
day  of  dengue  fever.  A.V.  48-Henry  had  not  been  sick  in  the  intervening 
period.  Since  dengue  did  not  occur  it  may  be  concluded  that  Henry  was 
immunized  by  the  experimental  attack  of  dengue  in  October,  1929,  and 
that  this  immunity  protected  him  for  a  period  of  at  least  six  months* 
The  infectivity  of  lot  195  was  proved  subsequently  by  transmission  of 
dengue  fever  by  this  lot  to  A.V.  96-H. 

Dengue  volunteer  (American)  49. 

Lazark,  John  L.,  Pvt.  (A.  S.  N.  6053695),  ''C"  Company,  31st  Inf., 
Manila;  age  32  years;  white;  total  service  four  and  one-half  years;  trop- 
ical service,  Panama  five  years;  Philippine  Islands  three  months.  Born 
in  Wilmington,  Delaware;  lived  one  year  in  Del  Rio,  ;Texas.  Arrived  in 
Philippines  June,  1929.  History  of  dengue  negative.  Admitted  to  exper- 
imental ward  September  28,  1929  (R.  N.  102065).  Physical  examination 
and  routine  laboratory  examination  showed  him  to  be  normal.     Preliminary 
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observation  period  nine  days,  September  28  to  October  7,  1929.     No  evidence 
of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — Test  to  determine  the  infectivity  of  A,  segypti  that  had 
fed  on  a  dilute  suspension  of  dengue-infected  A.  segypti,  October  7,  10 
a.  m.,  bitten  by  six  A.  xgypti,  lot  67,  which  fourteen  days  previously  had 
fed  through  a  guinea-pig  skin  on  a  very  dilute  suspension  of  dengue-infected 
A.  segypti,  lot  48,  the  mosquitoes  of  which  had  previously  taken  blood  from 
A.V.  29-Johnston.  (Since  the  suspension  was  made  by  macerating  five 
mosquitoes  of  lot  48  in  8.5  cubic  centimeters  of  citrated  normal  blood,  it 
is  estimated  that  each  A,  asgypti  of  lot  67  took  up  0.001  of  a  dengue- 
infected  mosquito.)      October  7  to  15  no  evidence  of*  dengue  fever. 

Experiment  2, — October  15,  9.30  a.  m.,  rebitten  by  forty-seven  A.  segypti 
of  lot  67.     October  15  to  23  no  evidence  of  dengue  fever. 

Experiment  3. — October  23,  9  a.  m.,  bitten  by  seventeen  A.  segypti  of 
lot  68,  which  had  fed  thirty  days  previously  on  a  suspension  of  twenty-five 
A,  segypti,  lot  48,  in  5  cubic  centimeters  of  hormone  broth  and  5  cubic 
centimeters  of  normal  human  blood.  October  23  to  November  1  no  symp- 
toms of  dengue. 

Experiment  U- — November  1,  10.30  a.  m.,  twelve  A.  segypti  lot  100, 
which  had  taken  partial  feedings  of  blood  fourteen  hours  previously  (8 
to  9  p.  m.,  October  31)  from  A.V.  55-S,  took  blood  from  Lazark.  Novem- 
ber 1  to  16  no  dengue,  but  had  coryza  and  tonsilitis  with  slight  fever. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material, — November  16,  11.30  a.  m.,  bitten  by  twenty-one 
dengue-infected  A.  segypti  of  lot  104,  which  had  been  fed  fifteen  days  pre- 
viously through  chicken  skin  on  defibrinated  blood  collected  from  A.V. 
55-S  during  the  first  day  of  dengue  fever.  (This  lot  of  mosquitoes  was 
also  used  to  infect  A.V.  56-K.) 

Incubation  period, — November  16,  11.30  a.  m.,  to  November  21,  11  a.  m., 
five  days. 

Dengue  fever. — Probable  onset  November  21,  11  a.  m.,  but  as  he  also 
had  severe  bronchitis  at  this  time  the  point  is  uncertain.  Temperature 
98,  101.4,  and  102.8;  leukocytes  7,350.  November  22,  temperature  103, 
103.6,  and  103.6;  severe  cough,  some  consolidation  base  left  lung,  anorexia; 
no  rash;  does  not  look  like  dengue;  leukocytes  7,150.  November  23 
temperature  99.6,  99.6,  and  99.6;  slight  bronchopneumonia  base  left  lung; 
leukocytes  9,100.  (Note:  At  10  a.  m.  one  hundred  eighty-two  normal  A. 
segypti  fed,  designated  lot  116,  and  later  proved  infected  by  transmitting 
dengue  to  A.V.  61-J.)  November  24  temperature  99.2,  99.6,  and  102; 
eyes  ache;  faint  haemorrhagic  mottling  of  skin  over  chest,  abdomen,  and 
lower  back;  anorexia,  leukocytes  5,950.  November  25  temperature  100, 
102.4,  and  102.4;  head  and  eyes  ache,  mottling  over  chest,  abdomen,  and 
back;  leukocytes  6,150.  November  26  temperature  102,  101.4,  and  101.4; 
anorexia,  pain  in  back,  definite  rash;  leukocytes  6,300.  November  27 
temperature  normal;  anorexia;  mottling  on  chest,  etc.;  maculo-papular 
rash  on  feet;  dizzy;  leukocytes  6,050.  November  28  temperature  normal; 
anorexia;  weak;  slight  cough;  rash  persists,  especially  on  the  feet  and 
hands;  palms  of  hands  and  soles  of  feet  itch;  leukocytes  7,350.      November 
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29  normal,  except  slight  rash  and  itching  of  feet  and  hands;  leukocytes 
6,850.     November  30  discharged. 

Summary, — Infectious  material  twenty-one  A.  segyptiy  which  were 
infected  fifteen  days  previously  by  feeding  on  defibrinated  blood  drawn 
from  A.V.  55-S.  Incubation  period  five  days  (?).  Fever,  type  remittent; 
duration  five  and  one-half  days;  height  103.6°  F.  Leukopenia  mild;  low 
point  5,950;  duration  four  days.  (Note:  This  man  had  broncho-pneumonia 
during  dengue  fever.)  Large  vacuolated  monocytes  present  on  November 
25,  26,  27,  28,  29,  and  30  during  later  stage  of  fever  and  following 
the  return  of  temperature  to  normal  November  27.  Rash  terminal.  Virus 
continued  through  A.  segypti  lot  116  to  A.V.  61-J.    . 

CONCLUSIONS 

Experiments  1  and  2, — A  very  dilute  suspension  of  dengue  virus  (five 
infected  A,  segypti  lot  48,*  in  8.5  cubic  centimeters  of  normal  blood)  when 
fed  to  normal  A.  segypti  failed  to  infect  these  mosquitoes. 

Experiment  S. — A  suspension  of  fifty  infected  A.  segypti  of  lot-  48  in 
10  cubic  centimeters  of  hormone  broth  plus  5  cubic  centimeters  of  normal 
blood  when  fed  to  normal  A,  segypti  failed  to  infect  these  mosquitoes. 

Experiment  U- — Aedes  segypti  failed  to  carry  dengue  virus  from  a  dengue- 
fever  subject  to  a  normal  individual  by  interrupting  the  feeding  of  twelve 
mosquitoes  on  the  dengue-fever  case  and  allowing  them  to  continue  feeding 
on  a  normal  person  seventeen  hours  later. 

Susceptibility  test. — The  susceptibility  of  the  volunteer  and  the  infec- 
tivity  of  lot  104  A,  segypti  were  proved. 

Dengue  volunteer   (American)   50. 

CoRLEY,  James  P.,  Pvt.  (A.  S.  N..  68122-10),  "C"  Company,  31st  Inf., 
Manila;  age  20  years;  race  white;  total  service  six  months;  tropical  serv- 
ice six  days.  Born  in  Pennsylvania;  previous  residences  Pennsylvania 
and  West  Virginia.  Arrived  in  Philippine  Islands  October  4,  1929.  His- 
tory of  dengue  fever  negative.  Admitted  to  experimental  ward  October 
10,  1929  (R.  N.  102199).  Physical  examination  and  routine  laboratory 
tests  indicated  that  he  was  normal.  Preliminary  observation  period  one 
day,  October  10  to  11. 

EXPERIMENTAL 

Experiment  i. — October  11,  1929,  the  day  following  admission,  five  A. 
segypti  of  lot  80  fed.  These  mosquitoes  had  been  fed  September  29,  1929, 
on  cultures  of  dengue  blood  in  the  following  media;  heart,  brain,  spleen, 
and  banana  broth.     October  11  to  21  no  evidence  of  dengue. 

Experiment  2. — ^October  21,  1929,  one  A.  segypti  of  lot  80,  (see  above) 
and  fourteen  A,  segypti  of  lots  75  and  77  were  fed.  Lots  75  and  11  had 
fed  October  5,  sixteen  days  previously,  on  cultures  of  dengu'e  blood  in 
bone  marrow,  brain,  and  spleen  broth.  October  21  to  31  no  evidence  of 
dengue.  November  1  fever  102°  F.  with  some  symptoms. of  dengue,  but 
blood  counts  did  not  substantiate  a  diagnosis  of  dengue.  That  the  symp- 
toms present  on  this  date  were  not  due  to  dengue  fever  was  proved  by 
the  dengue-susceptibility  test. 

*Lot  48  A,  segypti  was  fed  on  dengue  blood  during  the  first  day  of  dengue 
fever  which  probably  infected  them. 
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APPENDIX  393 

DENGUE  SUaCEPTIBILITY  TEST 

Infectious  TnateriaL — November  7,  1929,  bitten  by  ten  A,  segypti  of  lot 
86  which  had  fed  on  A.V.  47-D  during  his  first  day  of  dengue  fever, 
twenty  days  previously,  October  13,  1929. 

Incubation  period. — November  7,  a.  m.,  to  November  12,  p.  m.,  five  and 
one-half  days. 

Dengue  fever. — November  12,  p.  m.,  sudden  onset  with  fever,  chilliness, 
dizziness,  headache,  intense  eye  symptoms,  especially  pain  on  movement 
of  eyes,  aching  in  head,  and  legs;  face  flushed;  total  leukocytes  8,050. 
November  13.  (Note:  One  hundred  ninety  normal  A.  segypti  fed,  desig- 
nated lot  112  and  later  used  to  transmit  dengue  to  A.V.  65-F.)  Symptoms 
continue;  nauseated  during  day;  no  desire  for.  food;  states  that  food  has 
"foreign  taste;"  fever  103;  total  leukocytes  9,650.  Novemtber  14  fever 
101.2;  total  leukocytes  9,050.  November  15  maculopapular  rash  on  chest 
and  abdomen;  generalized  aching;  fever  103;  leukocytes  4,600.  November 
16  shifting  joint  pains;  rash  distinct;  nauseated;  weak;  fever  104;  leuko- 
cytes 4,200.  November  17  feels  better;  rash  marked,  especially  on  palms, 
with  intense  itching;  temperature  98.2;  leukocytes  2,800.  November  18 
rash  present,  but  otherwise  normal;  appetite  good;  temperature  98;  leuko- 
cytes 5,850.  November  19  rash  fading,  but  itching  persists;  weak;  tem- 
perature 98.6;  leukocytes  5,750.  November  20  faint  suggestion  of  rash 
still  present;  temperature  97;  leukocytes  6,850;  discharged. 

Summary. — ^Infectious  material  ten  A.  segypti  of  lot  86,  which  were 
infected  from  A.V.  47-D  twenty  days  previously.  Incubation  period  five 
and  one-half  days.  Fever,  type  remittent;  duration  four  days;  height 
104°  F.  Leukopenia  extreme;  low  point  2,800;  duration  five  days;  "V**- 
type  curve;  large  vacuolated  monocytes  present  November  17,  19,  and  20 
following  return  of  temperature  to  normal  November  17,  1929.  Rash  pri- 
mary and  secondary  (terminal).  Virus  continued  through  lot  112  to  A.V. 
65-F. 

CONCLUSIONS 

Experiments  1  and  2. — Cultivation  of  the  virus  of  dengue  in  the  media 
mentioned  was  not  successful. '  The  susceptibility  of  this  volunteer  was 
proved  by  lot  86  A.  segypti. 

TEST  FOR   IMMUNITY  FIVE  MONTHS  LATER 

April  25,  1930,  or  more  than  five  months  after  infection,  Corley  was 
bitten  by  fifteen  A.  segypti  of  lot  195,  which  twenty- three  days  previously 
had  fed  on  A.V.  85-T  during  the  first  day  of  dengue  fever.  Corley  had 
not  been  sick  during  the  intervening  period.  As  dengue  did  not  develop, 
it  may  be  concluded  that  Corley  was  protected  by  the  experimental  attack 
in  October,  1929,  and  that  this  immunity  protected  him  for  more  than  five 
months.  The  infectivity  of  lot  195  was  proved  subsequently  by  transmis- 
sion of  dengue  fever  by  this  lot  to  A.V.  96-H. 

Dengue  volunteer  (American)  51. 

Sparks,  Charles  E.,  Pvt.  (A.  S.  N.  6541200),  "D''  Co.,  31st  Inf.,  Manila; 
age  21  years;  white;  total  service  -six  months;  tropical  service  six  days. 
Born  in  Everett,  Pennsylvania;  previous  residences  Pennsylvania,  Ohio, 
Indiana,   and   Missouri.     Arrived   in   Philippine   Islands   October   4,   1929. 
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History  of  dengue  fever  negative.  Admitted  to  experimental  ward  Oc- 
tober 10,  1929  (R!  N.  102197).  Physical  examination  and  routine  labora- 
tory tests  indicated  that  he  was  normal.  Preliminary  observation  period 
eight  days,  October  10  to  October  19.      No  evidence  of  dengue. 

EXPERIMENTAL 

Experiment  1. — October  19,  1929,  bitten  by  twenty-six  A,  segypti  of  lot 
64,  which  had  fed  thirty-eight  days  previously  on  equal  parts  of  normal 
human  blood  and  cultures  made  with  dengue  blood  from  A.V.  33-B.  Oc- 
tober 19  to  27  no  evidence  of  dengue. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material. — October  27  to  29  bitten  by  fourteen  A.  segypti  of 
lot  86,  which  had  fed  on  dengue  volunteer  A.V.  47-D  fourteen  days 
previously  during  the  first  day  of  dengue  fever. 

Incubation  period. — October  27  to  November  1,  noon,  five  and  one-half 
days. 

Dengue  fever. — November  1  onset  at  noon  with  fever,  but  no  other  symp- 
toms; temperature  100;  leukocytes  7,300.  November  2  no  symptoms  of 
dengue  except  fever;  temperature  101.8;  leukocytes  4,950.  Note:  One  hun- 
dred thirty-one  normal  A.  ssgypti  fed,  designated  lot  107,  and  used  later 
in  preparing  an  "antigen."  November  3  leukopenia  (4,300) ;  temperature 
102.  November  4  fever;  some  pain  in  eyes;  faint  rash  on  abdomen;  tem- 
perature 104;  leukocytes  2,600.  November  5  distinct  rash  present;  face 
flushed;  weak;  anorexia;  aching  in  eyes;  both  inguinal  glands  enlarged; 
temperature  104.4;  leukocytes  2,450.  November  6  face  flushed;  rash  as 
before;  backache;  headache;  temperature  102.4;  leukocjrtes  2,050.  Novem- 
ber 7  rash  fading;  back  is  weak  and  skin  is  tender;  appetite  good;  tem- 
perature 98.6;  leukocytes  2,600.  November  8  rash  fading;  temperature 
98.4;  leukocytes  3,800;  apparently  normal,  but  has  some  alteration  in 
taste  sense.  November  9  rash  has  practically  disappeared;  temperature 
98;  leukocytes  6,250;  normal.  November  10  last  day  of  leukopenia  (5,250) ; 
temperature  98.4.     November  11  discharged. 

Summary. — Infectious  material  fourteen  A.  segypti  of  lot  86,  which 
were  infected  from  A.V.  47-D  fourteen  days  previously.  Incubation  period 
five  and  one-half  days.  Fever,  type  continuous;  duration  six  days;  height 
104.4°  F.  Leukopenia  extreme;  low  point  2,050;  duration  nine  days;  "V- 
type  curve;  large  vacuolated  monocytes  present  on  November  6  and  8,  the 
last  day  of  fever  and  the  second  day  following  return  of  temperature  to 
normal.  Rash  terminal.  Virus  transferred  by  blood  inoculation  into  M. 
fuscatus  3-X. 

CONCLUSIONS 

Experiment  1. — Mosquitoes  of  lot  64  were  not  infective. 
Susceptibility  test. — The  susceptibility  of  this  volunteer  to  dengue  was 
proved  by  A.  segypti,  lot  86. 

Dengue  volunteer  (American)  52. 

Norton,  Marcus  E.,  Pvt.  (A.  S.  N.  65409191),  "D"  Company,  31st  Inf., 
Manila;  age  18  years;  race  white;  -total  service  five  months;  tropical 
service  six  days.  Born  in  Illinois;  lived  in  Illinois  and  California.  Ar- 
rived in  Philippine  Islands  October  4,  1929.     History  of  dengue  negative. 
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Admitted  to  experimental  ward  October  10,  1929  (R.  N.  102198).  Phys- 
ical examination  and  routine  laboratory  examinations  showed  him  to  be 
normal.  Preliminary  observation  period  nine  days,  October  10  to  19.  No 
evidence  of  dengue. 

EXPERIMENTAL 

Experiment  1. — October  19,  1929,  bitten  by  six  A.  aegypti  of  lot  65 
and  ten  A,  segypti  of  lot  66,  which  had  fed  twenty-eight  days  previously 
on  equal  parts  of  normal  blood  and  "cultures"  made  with  dengue  blood. 
(See  record  of  A.  segypti  of  lot  65.)  October  19  to  31  no  evidence  of 
dengue. 

Experiment  2. — October  31,  1929,  sixty-six  normal  A,  segypti  of  lot 
99  were  interrupted  in  their  feeding  on  A.V.  55-S,  who  was  then  in  his 
first  day  of  dengue,  and  sixty-two  of  these  completed  their  feeding 
within  the  hour,  on  this  volunteer  (A.V.  52-N).  However,  the  fact  that 
an  attack  of  typical  dengue  fever  began  at  noon,  November  1,  or  less 
than  twenty-four  hours  after  this  feeding,  rendered  the  experiment  in- 
conclusive. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material. — This  volunteer  was  either  infected  with  dengue 
by  lot  65  or  QQ  (experiment  1)  A.  segypti,  although  the  onset  occurred 
on  the  thirteenth  day  following  their  application,  or  he  acquired  his  in- 
fection from  without.  The  latter  is  considered  likely,  as  it  is  known  that 
he  broke  quarantine  and  left  the  ward  about  five  days  previously.  In 
other  tests  lot  65  mosquitoes  failed  to  transmit  dengue. 

Incubation  period, — -Uncertain. 

Dengue  fever. — Onset  November  1,  1929,  at  noon,  with  fever  (100.8) ; 
aching  in  eyes  and  head,  rash,  nausea,  and  dizziness  on  standing.  No- 
vember 2  leukopenia  began  (3,950);  symptoms  continue;  some  alteration 
in  taste;  rash  present;  cervical  and  inguinal  glands  enlarged;  nausea. 
November  2  to  4  jaws  pain  on  chewing;  generalized  maculopapular  rash. 
November  5  last  day  of  leukopenia  (3,550);  eyes  ache;  otherwise  normal. 
November  6  flushed;  mottled  rash;  arms  stiff  and  sore;  cervical  glandular 
enlargement.  November  7  slight  rash.  November  8  faint  rash.  Novem- 
ber 11  discharged. 

Summary. — Infectious  material  questionable.  Incubation  period  ques- 
tionable. Fever,  type  remittent;  duration  five  and  one-half  days;  height 
102°  F.  Leukopenia  marked;  low  point  3,250;  duration  four  days;  "V"- 
type  curve;  large  vacuolated  monocytes  present  November  6.  Rash  sec- 
ondary. Virus  continued  through  lot  105  A.  segypti,  but  these  were  dis- 
carded without  testing. 

CONCLUSIONS 

Experiment  1. — Probably  negative. 

Experiment  2. — No  conclusions  can  be  made  from  this  experiment  for 
obvious  reasons. 

Dengue  volunteer  (American)  53. 

Cote,  Joseph  D.,  Pvt.  (A.  S.  N.  6122282),  "D"  Co.,  31st  Inf.,  Manila; 
age  23  years;  white;  total  service  three  years  seven  months;  tropical 
service  fifteen  days.  Born  in  Massachusetts;  lived  in  Massachusetts  and 
Vermont.     Arrived  in  Philippine  Islands  October,  1929.     History  of  dengue 


APPENDIX 


397 


TEMPERATURE                1 
S     S     5     S     s| 

1  i 

LEUKOCYT 

!  i  i  i 

"i  1  i 

CRANULOCYTESRATIO-YOUNG  TO  MATURE            1 

-    i             1             i             H 

f 

"^ 

■o 

J 

^  i 

i  i 

111 
S    5 

e 

s 

N 

Tl  1^ 

--'^ 

fi 

> 

> 

^ 

1 

L           L. 

'!: 

«> 

/ 

/ 

J 

1 

>■ 

o 

" 

i 

f 

tl 

^ 

.-' 

»* 

r 

I 

V          . 

.^ 

« 

"5 

w 

I 

••• 

<^ 

(s 

'' ;; 

•« 

' 

^ 

"*• 

••' 

•\ 

^\j 

_t_ 

' '? 

S, 

•+ 

^ 

> 

\ 

J 

^.^''. 

a"" 

r 

<^' 

r^l 

.  t 

<1  . 

>•* 

g-^ 

4 

^ 

!»•" 

••• 

', — 

^^' 

*  /■ 

_.l_ ,.._, 

=±:'...' 

1^, 

s: 

.^ 

«. 

1 

<-, 

1     ' 

'-. 

p; 

/ 

\ 

y^ 

f     ) 

>• 

^ 

< 

i 

a 

> 

\ 

) 

J 

,^^ 

00 

< 

\ 

( 

\ 

^^- 

t- 
w 

\ 

f 

\ 

^__  .... 

^ 

-«- 

vO 

/ 

/ 

! 

-t 

,,^ 

^ 

\ 

i 

\ 

ij        -f 

/ 

:J 

5 

V 

I. 

V, 

i: 

;;• 

s 

\ 

r 

\ 

\ 

(i     1 

( 

s 

J 

1 

} 

y 

f 

::: 

--==. 

04 

/ 

r^ 

^ 

\ 

/ 

\ 

s 

!?k^::::.-- 

-^' 

2 

s 

' 

V- 

\  .. 

-1 

#s,.,.. 

....!; 

'y . 

EXPER 

PRELIMINARY             1 
OBSERVATION  PERIOD 

~S 

"" 

1 

^ 

1      1 

:^ 

^^" 

1^ 

p-^ 

I 

J 

> 

1 

;v'' 

'«: 

^ 

^ 

<c 

^ 

< 

<^ 

1 

•\ 

^^■- 

!C 

*^ 

'\ 

\ 

'3 

>v 

i'" 

i 

^ 

^ 

\ 

1 

•:  > 

^. 

1= 

s 

** 

u-} 

\S 

A 

r^-. 

'^"^^ 

a-i 

c 

£ 

§ 

^il      ^ 

7 

» 

o_ 

c 

^ 

H 

S 

ol 

^' 

1 

«o 

1 

^ 

3 

^ 

i|_  Jl 

fi 

1                                g     S     5     S     S 

1     1            a)inivti3ciw3i 

i 

i  i 

i  i  i 

S31ADOXn31 

1                       8                       = 

ayn  lvw  oa  ONnoA-ou.v>hS3iA30inNV>o 

I 

.s 


I 

I 


398  APPENDIX 

negative.  Admitted  to  experimental  ward  October  18,  1929  (R.  N.  102^98). 
Physical  examination  and  routine  laboratory  tests  showed  him  to  be  nor- 
mal. Preliminary  observation  period  ten  days,  October  18  to  28,  1929. 
No  evidence  of  dengue. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material. — October  28,  29,  9  a.  m.,  bitten  by  six,  fifteen, 
four,  six,  fifteen,  and  nine  A,  segypti,  respectively,  of  lots  82,  83,  84,  85, 
88,  and  89,  which  had  taken  blood  thirteen  to  eighteen  days  previously 
from  Japanese  monkey  (M.  fuscatus  2)  on  the  third,  fourth,  fifth,  sixth, 
seventh,  and  eighth  days  after  this  animal  had  been  bitten  by  forty-four 
dengue  infected  A.  segypti  of  lot  52. 

Incubation  period.— October  28,  9.30  a.  m.,  to  November  3,  2  p.  m., 
six  and  one-sixth  days. 

Dengue  fever. — November   3,  2  p.  m.,   onset;   temperature   101.8,  with 
nausea,  anorexia,  headache,  backache,  and  pain  in  eyes;  no  rash;  leuko- 
cytes   7,850.     November    4    leukopenia   began    (6,050);    temperature    101; 
feels  about  the  same  as  yesterday;  cervical  glands  palpable.     (Note:  At  10 
a.  m.  fed  one  hundred  fifty- three  normal  A.  segypti,  designated  lot  108,  and 
used  later  in  preparing  an  "antigen.^0     November  5  temperature  100;  face 
flushed;    rash   doubtful;   anorexia   and  nausea;   pain  in  head,  back,   and 
eyes;  weak  and  dizzy;  leukocytes  4,200.     November  6  temperature  103.6 
still    sick;    no   rash;    leukocytes    3,400.     November    7    temperature    101.6 
symptoms   persist;    leukocytes   3,200.     November   8   normal,   except  weak 
leukocytes   4,100.     November   9   temperature   98.2;   leukocytes   4,700.     No- 
vember 10  temperature  98.4;  leukocytes  5,000. 

Summary. — Infectious  material  fifty-five  A.  segypti  of  the  mixed  lots 
82,  83,  84,  85,  88,  and  89,  which  were  infected  November  12  from  Japanese 
monkey  {M.  fuscatus  2).  Age  of  virus  in  mosquitoes  thirteen  to  eighteen 
days.  Incubation  period  six  days  four  and  one-half  hours.  Fever,  dura- 
tion five  days;  type  remittent;  height  103.6.  Leukopenia  marked;  low 
point  3,200;  duration  eight  days;  "V"-type  curve.  Unusual  blood  cells 
none.  Rash  questionable  on  third  day  of  fever.  Virus  transferred,  A. 
segypti  lot  108,  used  in  preparation  of  an  "antigen,"  but  their  infectivity 
was  not  proved. 

CONCLUSION 

The  development  of  dengue  six  and  one-half  days  after  the  feeding  of  A. 
segypti  lots  82,  83,  84,  85,  88,  and  89  proved  that  Japanese  monkey  M.  fus- 
catus 2  was  infected -with  dengue. 

TEST  FOR  IMMUNITY  FIVE  AND  ONE-HALF  MONTHS  LATER 

April  25,  1930,  or  approximately  five  and  one-half  months  after  infection. 
Cote  was  bitten  by  five  dengue-infected  A.  segypti  of  lot  195,  in  order  to 
test  the  duration  of  the  immunity  produced  by  one  attack  of  dengue.  This 
man  had  not  been  sick  in  the  intervening  period.  Since  dengue  did  not 
occur,  it  may  be  concluded  that  Cote  was  immunized  by  the  experimental 
attack  in  November,  1929,  and  that  this  immunity  protected  him  for  ap- 
proximately five  and  one-half  months.  The  infectivity  of  lot  195  was 
proved  subsequently  by  transmission  of  dengue  fever  by  this  lot  to  A.V. 
96-H. 
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Fig.  114.     Experimental  dengue  in  American  volunteer  53. 


Dengue  volunteer  (American)  54. 

Kreinbrook,  John,  Pvt.  (A.  S.  N.  6630704),  66th  Serv.  Sqdn.,  A.  C, 
Camp  Nichols;  age  23  years;  race  white;  total  service  two  years;  tropical 
service  fifteen  days.  Born  in  Pennsylvania;  lived  in  Pennsylvania  and 
Ohio.  Arrived  in  Philippine  Islands  October  4,  1929.  History  of  dengue 
negative.  Admitted  to  experimental  ward  October  21,  1929  (R.  N.  102329). 
Physical  examination  and  routine  laboratory  tests  indicated  that  he  was 
normal.  Preliminary  observation  period  ten  days,  October  21  to  31,  1929. 
No  evidence  of  dengue. 

EXPERIMENTAL 

Infectious  material, — October  31,  9  to  10.30  p.  m.,  one  hundred  normal 
C  qmnquefasciatus  of  lot  97  were  partially  fed  on  A.V.  55-S,  who  was 
then  in  the  first  twenty-four  hours  of  dengue  fever,  and  were  immediately 
transferred  to  this  volunteer  (A.V.  64-K)  on  whom  at  least  fifty-four 
mosquitoes  completed  their  feeding. 
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Incubation  period. — ^October  31,  p.  m.,  to  November  13,  p.  m.,  a  period 
of  thirteen  days. 

Dengue  fever. — Onset  November  13,  p.  m.,  with  chilliness,  fever,  pains 
in  back  and  knee  joints,  loss  of  appetite;  temperature  100.2;  total  leuko- 
cytes 7,400.  November  14  headache;  eyes  ache;  suggestion  of  rash  present; 
face  flushed;  temperature  103.4;  leukocytes  6,750.  Note:  Normal  A,  segypti 
fed  this  date,  designated  lot  113,  and  used  later  in  preparing  an  "antigen." 
November  15  flushed;  pains  in  back,  shoulders,  and  joints;  definite  macular 
rash  on  chest,  abdomen,  and  wrists;  pain  in  maxillse;  leukopenia  began 
(4,150);  temperature  102.  November  16  weak;  eyes  ache;  no  appetite; 
marked  rash;  temperature  102;  leukocytes  3,100.  November  17  same;  tem- 
perature 98.4;  leukocytes  3,200.  November  18  weak;  rash  persists,  but 
there  are  no  other  symptoms ;  temperature  98 ;  leukocytes  4,800.  November 
19  rash,  fading;  temperature  98.4;  leukocytes  6,050.  November  20  rash 
fading;  temperature  97;  leukocytes  5,950;  discharged. 

Summary. — Infectious  material  fifty-four  C  q%inquefasciatus  of  lot  97, 
which  transferred  the  virus  of  dengue  by  interrupted  feeding  from  A.V. 
55-S.  Incubation  period  thirteen  days.  Fever,  type  continuous;  duration 
three  and  one-half  days;  height  103.4°  F.     Leukopenia  marked,  low  point 
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Fig.   115.     Experimental  dengue  in  American  volunteer  54. 
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3,100;  "U"-type  curve;  duration  six  days;  large  vacuolated  monocytes 
present  on  November  16,  17,  18,  19,  20,  the  day  before  and  for  four  days 
following  return  of  temperature  to  normal.  Rash  terminal.  Virus  was 
transferred  to  A.  asgypti  lot  113. 

CONCLUSION 

The  virus  of  dengue  was  transferred  from  a  volunteer  who  was  in  his 
first  twenty-four  hours  of  dengue  fever  to  a  normal  person  by  interrupting 
the  feeding  of  fifty-four  Culex  quinquefasciatus  on  the  former  and  permit- 
ting them  to  complete  their  feeding  on  the  latter. 

TEST  FOR  IMMUNITY  FIVE  MONTHS  LATER 

April  16,  1930,  or  approximately  five  months  after  infection,  Kreinbrook 
was  bitten  by  ten  A.  segypti  of  lot  190,  which  had  fed  twenty-three  days 
previously  on  A.V.  87-R  during  the  first  day  of  dengue  fever.  A.V.  54-K 
had  not  been  sick  in  the  intervening  period.  Since  dengue  did  not  occur 
it  may  be  concluded  that  this  volunteer  was  immunized  by  the  experimental 
attack  in  November,  1929,  and  that  this  immunity  protected  him  for  more 
than  five  months.  The  infectivity  of  lot  190  was  proved  subsequently  by 
the  transmission  of  dengue  from  this  lot  to  A.V.  95-0. 

Dengue  volunteer  (American)  55. 

Shaver,  Herbert,  Pvt.  (A.  S.  N.  6699060),  66th  Sqdn.,  A.  C,  Camp  Ni- 
chols; age  19  years;  race  white;  total  service  one  year;  tropical  service 
three  weeks.  Born  and  lived  in  New  York.  Arrived  in  Philippine  Islands 
October  4,  1929.  History  of  dengue  negative.  Admitted  to  experimental 
ward  October  26,  1929  (R.  N.  102409).  Physical  examination  and  routine 
laboratory  tests  showed  him  to  be  normal.  Preliminary  observation  period 
none. 

EXPERIMENTAL 

Infectious  material. — No  observation  period  was  required  on  this  volunteer 
as  he  was  used  to  have  a  case  of  dengue  available  in  an  attempt  to  transfer 
the  virus  of  dengue  to  another  volunteer  through  interrupted  feeding  by 
C.  quinquefasciatits.  October  26,  1929,  1.15  p.  m.,  eight  A.  aegypti  of  lot 
71  fed.  These  mosquitoes  were  infected  from  A.V.  36-V  thirty  days 
previously. 

Incubation  period. — October  26,  a.  m.,  to  October  31,  p.  m.,  five  days. 

Dengue  fever. — Onset  during  afternoon  of  October  31.  Note:  (a)  Par- 
tially fed  sixty-six  normal  A.  aegypti,  designated  lot  99,  and  immediately 
thereafter  sixty-two  of  these  mosquitoes  completed  their  feeding  on  A.V. 
52-N;  (6)  fed  two  hundred  seventy-seven  normal  A.  aegypti,  designated 
lot  100;  (c)  partially  fed  one  hundred  C.  quinquefasciatus,  designated 
lot  97  and  fifty-four  of  these  almost  immediately  completed  their  feeding 
on  A.V.  54-K;  (d)  one  hundred  forty-four  normal  Culex  fed  and  were 
designated  lot  98.  November  1  headache;  anorexia;  altered  taste,  pain  in 
legs  and  back;  abdominal  '^soreness;'*  weakness;  temperature  104;  total 
leukocytes  6,800.  Note:  Fed  three  hundred  one  normal  A.  aegypti,  desig- 
nated lot  101,  also  fed  nine  hundred  A,  aegypti  on  defibrinated  blood,  desig- 
nated lot  104  and  used  later  to  transmit  dengue  to  A.V.  49-L  and  A.V.  56-K. 
Temperature   101;   leukocytes  3,400.     November  2  back  and  hips  tender; 
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soreness  in  abdamen;  anorexia;  slight  enlargement  of  left  cervical  glands; 
temperature  101.6;  total  leukocytes  3,450.  November  3  rotation  of  eyes 
causes  pain;  dizziness;  temperature  101;  leukocytes  3,400.  November  4 
questionable  rash;  temperature  102;  total  leukocytes  3,050.  November  5 
no  rash;  headache;  pains  in  eyes;  backache;  pains  in  chest;  temperature 
101.6;  total  leukocytes  2,950  low  point.  November  6  appetite  poor;  weak 
but  otherwise  normal,  temperature  98.4;  total  leukocytes  4,100.  Novem- 
ber 7,  8,  9,  and  10  temperature  is  normal,  no  symptoms  but  leukopenia 
persists;  no  rash.     November  11  discharged. 

Summary. — Infectious  material  eight  A,  asgypti  of  lot  71,  which  were 
infected  from  A.V.  36-V  thirty-one  and  one-Tialf  days  previously.  Incuba- 
tion period  five  days.  Fever,  type  continuous;  duration  five  days;  height 
104°  F.  Leukopenia  extreme;  low  point  2,950;  "U"-type  curve;  duration 
ten  days;  large  vacuolated  monocytes  present  November  5,  6,  7,  and  8, 
the  day  before,  and  three  days  following  return  of  temperature  to  normal. 
Rash  none.  Virus  continued  through  A,  ssgypti,  lot  104  to  several  volun- 
teers (see  record  of  A,  segypti) ;  also  by  direct  blood  inoculation  into  M. 
fv^scatus  3. 

TEST  FOR  IMMUNITY  FIVE  AND  ONE-HALF  MONTHS  LATER 

April  16,  1930,  or  five  and  one-half  months  after  infection,  A.V.  55- 
Shaver  was  bitten  by  seven  A.  segypti  of  lot  190  which  had  fed  twenty-  . 
three  days  previously  on  A.V.  87-R  during  the  first  day  of  dengue  fever. 
Shaver  had  not  been  sick  in  the  intervening  period.  Since  dengue  did 
not  occur  it  may  be  concluded  that  Shaver  was  immunized  by  the  exper- 
imental attack  in  October,  1929,  and  that  thLs  immunity  protected  him 
for  at  least  five  and  one-half  months.  The  infectivity  of  lot  190  was 
proved  subsequently  by  the  transmission  of  dengue  from  this  lot  to  A.V. 
95-D. 

Dengue  volunteer  (American)  56. 

Kearns,  Thomas  A.,  Pvt.  (A.  S.  N.  6812276),  4th  Bomb.  Sqdn.,  Camp 
Nichols;  age  21  years;  white;  total  service  five  months;  tropical  service 
three  weeks.  Born  in  Pennsylvania;  lived  in  Ohio.  Arrived  in  Philip- 
pine Islands  October,  1929.  History  of  dengue  negative.  Admitted  to 
experimental  ward  October  26,  1929  (R.  N.  102405).  Physical  and  routine 
laboratory  examinations  showed  him  to  be  normal.  Preliminary  observa- 
tion period  two  days,  October  26  to  28.     No  evidence  of  dengue  fever. 

experimental 

Experiment  1, — To  determine  whether  dengue  virus  from  mosquitoes 
can  pass  through  the  skin  broken  by  scratching.  October  28,  JL929,  eleven 
dengue-infected  A,  segypti  lot  71,  eight  of  which  had  fed  two  days  pre- 
viously on  volunteer  A.V.  55-S  and  later  caused  dengue  in  this  man, 
were  ground  in  a  porcelain  mortar  containing  1  cubic  centimeter  of  0.9  per 
cent  saline  and  a  small  amount  of  sterile  pyrex  ground  glass.  A  portion  of 
this  mosquito  suspension  was  taken  up  on  a  pledget  of  sterile  cotton  and 
rubbed  thoroughly  over  two  small  superficial  scratch  marks  on  the  otherwise 
normal  skin  of  the  right  forearm.  An  adjacent  part  of  the  skin  similarly 
treated  but  not  inoculated  served  as  a  control.  October  28  to  November 
4,  1929,  no  evidence  of  dengue  fever. 
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Fig.    116.     Experimental    dengue   in   American   volunteer    55. 


Experiment  2. — To  test  the  infectivity  of  A.  segypti  lot  69,  which  fed 
eleven  days  previously  on  normal  blood  containing  macerated  A,  ssgypti 
of  lots  44,  45,  46,  and  47,  the  mosquitoes  of  which  lots  were  themselves 
infected  by  feeding  on  a  suspension  of  dengue-infected  A,  segypti  (see 
record  of  A,  segypti),  November  4,  1929,  ten  A,  segypti  of  lot  69  fed. 
November  5  to  16  no  evidence  of  dengue. 

TEST  FOR  SUSCEPTIBILITY  TO  DENGUE 

Infectious  material, — November  16,  1929,  twenty-five  A,  segypti  of  lot 
104  fed. 
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Incubation  period, — November  16  to  23,  seven  days,  but  for  two  days 
prior  to  Novjember  23,  this  volunteer  complained  of  headache,  backache, 
and  pain  in  eyes  and  there  was  a  slight  elevation  of  the  temperature 
(99  to  99.6). 

Dengue  fever. — ^Onset  during  morning  of  November  23,  with  fever, 
leukopenia,  headache,  pains  in  eyes,  neck,  shoulders,  back,  knee  and  el- 
bow joints.  Anorexia;  weakness  on  standing;  faint  suggestion  of  rash 
on  chest  and  abdomen.  (Normal  A.  segypti  lots  117  and  118  fed  this 
date.)  Temperature  100;  leukopenia  4,300.  November  24  sore  in  joints; 
weak ;  dizzy  on  standing ;  appetite  poor ;  mottling  of  skin  of  neck,  chest, 
and  abdomen;  temperature  100;  leukopenia  5,200.  November  25  rotation 
of  eyes  gives  pain  and  provokes  dizziness;  aching  in  back;  mottled  ap- 
pearance of  skin  persists;  temperature  100;  leukopenia  4,400.  November 
26  some  headache;  rash  definite;  temperature  99.8;  leukopenia  5,100. 
November  27  temperature  97.2;   discharged;   leukopenia  4,900. 

Summary. — Infectious  material  twenty-five  A.  segypti  of  lot  104,  which 
were  infected  from  A.V.  55-S  fifteen  days  previously.  Incubation  period 
seven  days  (?).  Fever,  type  intermittent;  duration  two  and  one-half 
days;  height  100.2°  F.  Leukopenia  mild;  duration  five  days;  low  point 
4,350;  large  vacuolated  monocytes  present  November  26  and  27,  one  and 
two  days  following  return  of  temperature  to  normal.  Rash  primary  and 
terminal.     Virus  continued  through  A.  segypti  lot  117  to  A.V.  64-C. 

CONCLUSIONS 

Experiment  1. — In  this  experiment  the  virus  of  dengue  in  the  mosquitoes 
did  not  penetrate  the  skin  which  was  first  broken  by  scratching. 

Experiment  2. — The  attempt  to  transfer  the  virus  of  dengue  from  "mos- 
quito to  mosquito  (second  passage,  see  record  of  A.  segypti)  was  unsuc- 
cessful. 

SUSCEPTIBILITY   TEST 

The  susceptibility  of  the  volunteer  and  the  infectivity  of  lot  104  A. 
segypti  were  proved. 

TEST  FOR   IMMUNITY   FIVE  MONTHS  LATER 

April  16,  1930,  or  approximately  five  months  after  infection,  Kearns 
was  bitten  by  nine  A,  segypti  of  lot  190,  which  twenty-three  days  previously 
had  taken  blood  from  A.V.  87-R,  during  the  first  day  of  dengue  fever. 
Kearns  had  not  been  sick  during  the  intervening  period.  Since  dengue 
did  not  occur  it  may  be  concluded  that  Kearns  was  immunized  by  the 
experimental  attack  in  November,  1929,  and  that  this  immunity  protected 
him  for  more  than  five  months.  The  infectivity  of  lot  190  was  proved 
subsequently  by  the  transmission  of  dengue  from  this  lot  to  A.V.  95-D. 

Dengue  volunteer  (American)  57. 

Endicott,  Cecil  Waldo,  Pvt.  (A.  S.  N.  1007168),  2d  Obs.  Sqdn.,  A.  C, 
Camp  Nichols;  age  31  years;  white;  total  service  eleven  years;  tropical 
service  one  month.  Born  in  Flint,  Michigan;  lived  in  Ohio  and  Illinois; 
in  Army  (nine  years  San  Antonio,  Texas,  two  years  in  Georgia).  Arrived 
in  Philippine  Islands  October,  1929.  History  of  dengue  negative.  Ad- 
mitted to  experimental  ward  November  3,  1929  (R.  N.  102520).  Physical 
examination  and  routine  laboratory  tests  showed  him  to  be  normal.     Pre- 
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liminary    observation    period   eight    days,    November    3    to    11,    1929.     No 
evidence  of  dengue  fever. 

EXPERIMENTAL 

Infectious  material — November  11,  1929,  fed  thirty  A,  asgypti  of  lot 
96  (see  record  of  A.  segypti),  which  had  fed  twelve  days  previously  on 
a  suspension  of  dengue-infected  A,  segypti  of  lots  52,  54,  59,  60,  61,  71, 
72,  76,  and  79. 

Incubation  period. — November  11  to  16,  five  days. 

Dengue  fever, — Onset  noon  of  November  16  with  chilly  sensations,  fever, 
loss  of  appetite;  pain  in  jaw  and  in  knee  joints;  face  flushed;  suggestion 
of  a  rash  on  the  back;  temperature  101.6°  F.;  total  leukocytes  5,500. 
Note:  One  hundred  seventy  normal  A.  ssgypti  fed,  designated  lot  114,  and 
later  transmitted  dengue  to  A.V.  66-W.  November  17  nausea;  aching  in 
legs  and  hips;  taste  of  food  abnormal;  heada'che;  discomfort  attending 
use  of  eyes;  weak  and  dizzy;  questionable  rash  on  back;  temperature 
101.6*  F.;  total  leukocytes  4,600.  November  .18  pain  in  head  and  eyes; 
soreness  in  hips  and  thigh  muscles;  no  appetite;  taste  of  cigarettes  un- 
pleasant; no  rash;  temperature  100.6"  F.;,  total  leukocytes  3,800.  Novem- 
ber 19  no  complaint  except  weakness;  temperature  100;  total  leukocytes 
2,300,  low  i)oint.  November  20  anorexia;  weakness;  temperature  101.2°; 
total  leukocytes  3,250.  November  21  tenderness  in  back;  weak;  tempera- 
ture 99.4;  total  leukocytes  3,100.  November  22  a  terminal  itching  rash 
on  wrists,  hands,  feet,  and  legs;  temperature  98.6;  total  leukocytes  3,700. 
November  23  rash  faint;  temperature  99;  total  leukocytes  5,300;  dis- 
charged. 

Summary, — Infectious  material  thirty  A.  ssgypti  lot  96,  which  were 
infected  by  feeding  on  dengue-infected  A.  segypti,  twelve  days  previously. 
Incubation  period  five  days.  Fever,  type  intermittent;  duration  five  and 
one-half  days;  height  101.6°  F.  Leukopenia  extreme;  low  point  2,300; 
"V"-type  curve;  duration  eight  days  (plus  ?)  ;  large  vacuolated  monocytes 
present  November  19,  20,  21,  22,  and  23  during  the  terminal  stage  of 
fever,  and  for  three  days  following  the  return  of  the  temperature  to 
normal.  Rash  primary  and  secondary.  Virus  continued  through  lot  114 
to  A.V.  66-W. 

CONCLUSION 

The  virus  of  dengue  fever  was  successfully  transferred  from  mosquito 
to  mosquito  by  the  feeding  of  normal  A,  segypti  on  a  suspension  of  dengue- 
infected  mosquitoes. 

TEST  FOR   IMMUNITY  FIVE  MONTHS  LATER 

April  17,  1930,  or  five  months  after  infection,  Endicott  was  bitten  by 
nine  A.  segypti  of  lot  195,  which  fifteen  days  previously  had  fed  on  A.V. 
85-T  during  the  first  day  of  dengue  fever.  Endicott  had  not  been  sick 
in  the  intervening  period.  Since  dengue  did  not  occur  it  may  be  con- 
cluded that  Endicott  was  immunized  by  the  experimental  attack  in  No- 
vember, 1929,  and  that  this  immunity  protected  him  for  more  than  five 
months.  The  infectivity  of  lot  195  was  proved  subsequently  by  trans- 
mission of  dengue  fever  by  this  lot  to  A.V.  96-H. 
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Fig,   118.     Experimental  dengue  in  American  volunteer  57. 

Dengue  volunteer  (American)  58. 

Sauri,  Francis,  Pvt.  (A.  S.  N.  6812985),  31st  Inf.,  Manila;  age  21 
years;  white;  total  service  eight  months;  tropical  service  two  months. 
Born  in  San  Francisco,  California;  lived  in  Pennsylvania,  New  York,  and 
California.  Arrived  in  Philippine  Islands  October,  1929.  History  of  den- 
gue negative.  Admitted  to  experimental  ward  November  16,  1929  (R. 
N.  102687).  Physical  examination  and  routine  laboratory  tests  showed 
him  to  be  normal.  Preliminary  observation  period  seven  days,  November 
16  to  23,  1929.     No  evidehce  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — November  23,  1929,  thfs  volunteer  was  bitten  by  eleven 
A,  segypti  of  lots  82,  83,  84,  85,  88,  and  89,  which  were  fed  on  Japanese 
monkey  M,  fuscatits  2  on  the  fourth,  fifth,  sixth,  seventh,  and  eighth  day 
following  the  feeding  on  this  animal  of  A.  segypti  of  lot  52.  November  23 
to  December  4,  1929,  there  was  no  evidence  of  dengue. 
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Experiment  2, — 'December  4,  1929,  eight  C  quinquefasciatus  (lot  132), 
which  between  6  and  7  p.  m.  had  been  interrupted  in  their  feeding  on 
A.V.  60-S  during  his  first  twenty-four  hours  of  dengue,  completed  their 
feeding  on  Sauri  between  7  and  9  p.  m.  December  4  to  19  there  was  no 
evidence  of  dengue  fever.  (Because  of  the  Christmas  holidays,  this 
volunteer  was  discharged  before  testing  his  susceptibility,  and  it  was  im- 
possible to  do  this  until  three  months  later.)  No  history  could  be  obtained 
of  any  illness  during  this  period.  March  31,  1930,  twenty-six  infected  A, 
segypti  lot  169  fed  on  the  volunteer  and  failed  to  cause  dengue. 

CONCLUSION 

No  conclusions  can  be  drawn  concerning  experiments  1  and  2,  as  this 
volunteer  was  proved  to  be  immune. 

Dengue  volunteer  (American)  59. 

Wasylak,  Stephen,  Pvt.  (A.  S.  N.  6813019),  31st  Inf.,  *'C"  Company, 
Manila;  age  18  years;  white;  total  service  seven  months;  tropical  service 
one  month.  Born  in  Philadelphia,  Pennsylvania;  lived  in  Pennsylvania 
(Delaware  two  weeks).  Arrived  in  Philippine  Islands  October,  1929. 
History  of  dengue  negative.  Admitted  to  experimental  ward  November 
20,  1929  (R.  N.  102727).  Physical  and  routine  laboratory  examinations 
showed  him  to  be  normal.  No  disease  of  any  kind  of  his  knowledge. 
Preliminary  observation  period  eight  days,  November  20  to  28,  during 
which  period  there  was  no  evidence  of  dengue. 

EXPERIMENTAL 

Experiment  1. — An  attempt  to  transfer  the  virus  of  dengue  from  mos- 
quito to  mosquito  through  the  medium  of  food  and  water.  November  28, 
1929,  sixty-three  A,  segypti  of  lot  121  and  sixty  of  lot  122  (see  record 
of  these  lots)  were  fed.  December  5,  1929,  forty-five  A,  segypti  lot  121 
and  nineteen  of  lot  122  refed.  December  12,  1929,  thirty-one  A,  segypti 
of  lot  121  and  twenty-six  of  lot  122  fed  for  the  third  time.  November  28 
to  date  of  discharge,  December  22,  there  was  no  evidence  of  dengue. 
Note :  Owing  to  the  Christmas  holidays  the  susceptibility  of  this  volunteer 
to  dengue  was  not  tested  immediately.  However,  March  31,  1930,  there 
were  fed  on  this  volunteer  twenty-two  A,  segypti  of  lot  173,  which  were 
infected  from  A.V.  79-H  eighteen  days  previously. 

TEST  FOR   SUSCEPTIBILITY  TO  DENGUE 

Infectious  material, — March  31,  1930,  10  a.  m.,  fed  twenty-two  A. 
segypti  of  lot  173. 

Incubation  period, — March  31,  10  a.  m.,  to  April  3,  7  p.  m.,-  or  three 
days  nine  hours;  but  this  is  questionable,  as  this  volunteer  was  not  con- 
fined in  the  screened  ward. 

Dengue  fever. — Onset  sudden,  7  p.  m.,  April  3,  with  slight  fever  (99), 
heachache,  pain  on  movement  of  eyes,  nausea,  and  chilly  sensation.  April 
4  and  5  symptoms  continue.  April  6  headache,  eyes  ache,  backache, 
anorexia,  nausea,  dizziness,  vertigo;  cigarettes  and  water  taste  "peculiar;'' 
temperature  99;  leukocytes  4,700.  April  7  right  cervical  lymph  nodes 
enlarged;  anorexia,  pains  in  back,  head,  and  eyes;  no  rash;  temperature 
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99.6 ;  leukocytes  3,950.  April  8  temperature  99 ;  slight  headache ;  right 
inguinal  lymph  nodes  palpable;  no  appetite;  leukocytes  4,050.  April  9 
normal  except  slight  leukopenia,  6,300.  April  12  discharged;  leukocyte 
counts  normal. 

Summary, — Infectious  material  probably  twenty-two  A.  segypti  lot  173, 
which  were  infected  from  A.V.  79-H  twenty-nine  days  previously.  Incu- 
bation period  three  days  nine  hours.  Fever,  type  remittent;  duration 
four  and  one-half  days;  height  101.3.  Leukopenia,  low  point  3,950;  dura- 
tion four  or  more  days;  "U"-type  curve;  large  vacuolated  monocytes 
present  April  9,  10,  and  11.     Rash  none.     Virus  not  continued. 

CONCLUSIONS 

Experiment  1  was  negative,  indicating  that  under  the  experimental 
conditions  the  virus  of  dengue  was  not  transferred  from  mosquito  to 
mosquito  through  the  medium  of  food  and  water. 

The  susceptibility  test  proved  the  susceptibility  of  the  volunteer  and 
the  infectivity  of  lot  173  A,  segypti. 

Dengue  volunteer  (American)  60. 

Smith,  Wilbert,  Pvt.  (A.  S.  N.  6812483),  "A"  Co.,  31st  Inf.,  Manila; 
age  19  years;  white;  total  service  eight  months;,  tropical  service  one  month. 
Born  in  West  Virginia ;  lived  in  West  Virginia  and  Virginia.  Arrived  in 
Philippine  Islands  October,  1929.  History  of  dengue  negative.  Admitted 
to  experimental  ward  November  20,  1929  (R.  N.  102725).  Previous 
medical  history  of  chicken  pox,  measles,  mumps,  and  grippe.  Physical  and 
routine  laboratory  examinations  showed  him  to  be  normal.  Preliminary 
observation  period  eight  days,  November  20  to  28,  during  which  there  was 
no  evidence  of  dengue  fever. 

experimental 

Infectious  material. — November  28,  1929,  8.15  a.  m.,  bitten  by  one 
hundred  three  A.  segypti  of  lot  111,  which  had  fed  on  monkey  M.  fuscatus 
4  on  the  third,  fourth,  fifth,  sixth,  seventh,  and  eighth  days  following 
the  feeding  on  this  animal  of  twenty-seven  A,  asgypti  of  lot  82.  (Note: 
Lot  82  A,  segypti  transferred  the  strain  of  dengue  virus  from  M,  fuscatus 
2-W.) 

Incubation  period. — Six  days,  November  28  to  December  4,  1929. 

Dengue  fever, — Onset  December  4  at  noon,  although  for  two  days  pre- 
viously he  had  a  slight  elevation  in  the  temperature  during  the  after- 
noons. Total  leukocyte  count  7,100.  December  5  pains  in  joints  of 
legs;  anorexia;  aching  in  head,  eyes,  and  back;  temperature  102.4  in 
p.  m.;  total  leukocyte  count  5,150,  low  point.  [Note:  (a)  December  5, 
1929,  one  hundred  forty-three  normal  A.  segypti  lot  131  were  fed.  These 
were  used  later  with  others  in  the  preparation  of  a  "dengue  vaccine.*' 
(6)  Ten  C,  quinquefasciatus  lot  132  were  interrupted  in  their  feeding  on 
this  volunteer  at  6.30  p.  m.  and  within  an  hour  allowed  to  complete  their 
feeding  on  A.V.  58-S.  (c)  Fifty-two  normal  C.  quinquefasciatus  com- 
pletely fed  and  became  lot  133.  (d)  Thirty  cubic  centimeters  of  blood  were 
drawn,  defibrinated,  and  fed  to  six  hundred  ninety-seven  A.  segypti,  which 
became  lot  134.]      December  6,  1929  pain  in  eyes,  no  appetite,  and  food 


APPENDIX 


411 


P3                 TEMPERATURE                                             LEUKOCYTES                               1        CRANULOCYTESKATIOYOUNG  TO  MATURE            1 

T    '          p-    **** 

JS^._X         -:^ 

^u       5^^   ^ 

(_ 

w 

~K  »          ^ 

V     ^^5?"    - 

^ 

_^^ 

'■ 

1"  '          1 

^1*.       ^v-3^ 

t^ 

Is  '            ^ 

^^^^    

j 

J'^dpM ::::: 

/ 

S          J**                               4 

>     T^^jS 

/ 

\ 

i  r-      -!■  -- 

B 

% 

"■ 

^      s                /_" 

a.  -   ^        5    V 

i_i_     -J 

t,t             , 

i:' 

Q    o          z:                          C 

s:     2  5.      ' 

S    ^          =                          j[ 

I     ^' r 

'■' ; 

^    g         c                        J             Z 

^        1"' 

^     S-        "                                ^N             t 

5:2      ::  :: 

.-! 

g     -l-S        !2                                  ^                t 

tt 

I  f 

r" ' 

Sli  ^       i:  ^ 

;^    ^5    ±:;::: 

...V 

I-, 

•■i=; 

S  5|  =          3«^- 

.5    \i.  1-  -  - 

» 

-J      It  -.--  -  - 

.-! 

y  -,^t    -.--  X 

,,'' 

r 

i^^  -          5  "^^ 

^z    T  i-  'X 

: 

c, 

i  H  '          5.    ^ 

i         ::-j'^   1--  ..  t 

i 

1 

Isf  .          1      ^ 

Ti    ^..   t 

1 

'" . 

-"*; 

S^         J^     1.-     -t 

B  1?   •*             3 

J^      t^     ..    I 

S  *~  •"            ^ 

?        X      t 

\ 

P-! 

ii^  -        b^: 

5      L      --   r 

-1 

■ 

^                               H            \ 

? 

J 

f^     S         Se>                            ^^ 

1    ^            5-- 

i     «            ?L 

J   j 1.— 

T 

■ii 

§    "                St 

J        .i^e      .,  I  

$S    a                 5 

tt      1  -  . .  - 

_. 

is    «               S-       - 

g      jj     H: ...  - 

If  «        3.-  - 

1                   ^^               «3           .? 

' 

2«   s              s 

SS5                  f"" 

IS                 ^ 

S    i    5    -    -    1    1 

1                              3MniV«3dW3i 

11111111°               i           s           =1 

412  APPENDIX 

tastes  badly;  faint  mottling  of  skin  of  chest  and  back;  cervical  lymph 
nodes  distinctly  palpable;  eats  little;  general  aching,  especially  backache; 
temperature  101.8;  total  leukocytes  5,300.  December  7  few  symptoms; 
distinct  maculopapular  rash  on  chest,  arms,  and  abdomen;  temperature 
99;  total  leukocytes  6,200.  December  8  symptoms  have  subsided;  back 
"tender;"  rash  distinct,  especially  pronounced  on  wrists,  and  there  is  little 
itching;  temperature  99;  total  leukocytes  6,950.  December  9  rash  fading; 
temperature,  p.  m.,  98.4 ;  total  leukocytes  6,750.  December  10  'no  symptoms 
in  a.  m.;  slight  fever  in  p.  m.;  temperature,  p.  m.,  100.2;  total  leukocytes 
7,700.  December  11  states  that  he  had  headache  yesterday  afternoon; 
temperature,  p.  m.,  100.2;  total  leukocytes  7,050.  December  12  no  symp- 
toms; total  leukocytes  8,650.  December  13  normal.  December  14  dis- 
charged. 

Summary, — .Infectious  material  one  hundred  three  A.  segypti  of  lot  111, 
which  had  fed  on  Japanese  monkey  M.  fuscatus  4  following  the  feeding  on 
this  animal  of  dengue-infected  A.  segypti  of  lot  82.  Incubation  period 
November  28  to  December  4,  six  days.  Fever,  type  intermittent;  dura- 
tion seven  and  one-half  days;  height  102.4.  Leukopenia  slight;  lowest 
count  5,150;  duration  three  days.  Rash  primary  and  secondary  (terminal). 
Virus  continued  to  A.  segypti,  lots  132  and  134,  but  these  mosquitoes  were 
not  used  to  transfer  the  strain  of  dengue  virus. 

CONCLUSION 

Dengue  fever  followed  the  feeding  on  this  volunteer  of  A.  segyptiy  which 
had  previously  fed  on  a  Japanese  monkey,  proving  the  susceptibility  of 
Macacus  fiiscatus  to  dengue  infection. 

Dengue  volunteer  (American)   61. 

JORGENSON,  Walter  E.,  Pvt.  (A.  S.  N.  6541183),  "D"  Co.,  31st  Inf., 
■Manila;  age  23  years;  white;  total  service  seven  months;  tropical  service 
one  month.  Born  in  Minneapolis,  Minnesota;  lived  in  Minnesota,  Illinois, 
and  Wisconsin.  Arrived  in  Philippine  Islands  October,  1929.  History  of 
dengue  negative.  Admitted  to  experimental  ward  Nov.  20,  1929  (R.  N. 
102726).  Medical  history  of  scarlet  fever  and  grippe  during  childhood. 
Physical  and  routine  laboratory  examinations  showed  him  to  be  normal. 
Preliminary  observation  period  eight  days,  November  20  to  28.  No  evid- 
ence of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — November  28,  1929,  bitten  by  seventy-seven  A.  segypti 
of  lot  109,  which  had  taken  blood  November  5,  6,  7,  8,  and  9  from  Japanese 
monkey  M.  fuscatus  2  on  the  fourth,  fifth,  sixth,  seventh,  and  eighth  days 
following  the  injection  into  this  animal,  November  1,  1929,  of  dengue- 
infected  blood  collected  from  A.V.  55-S  during  the  first  day  of  dengue 
fever.  (Note:  This  monkey  had  previously  had  dengue  and  was  at  this 
time  being  tested  for  immunity.  See  lots  82  to  85,  88  and  89  A.  segypti.) 
Jorgenson  showed  no  evidence  of  dengue  from  November  28  to  December 
7,  1929. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material. — December  7,    1929,   fed   eighty-four  A.   segypti  of 
lot  116,  which  were  infected  from  A.V.  49-L  November  23,  1929. 
Incubation  period. — December  7  to  12  at  noon,  five  days. 
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Fig.   121.     Experimental  dengue  in  American  volunteer  60. 


Dengue  fever. — Onset  at  noon  December  12  with  chilly  sensations;  slight 
fever,  99.6;  leukocytes  7,300;  headache,  backache,  loss  of  appetite,  and 
weakness.  December  13  leukopenia  began  (6,050);  temperature  101.6; 
dizzy  on  standing;  soreness  of  back;  headache;  pains  in  eyes;  face  flushed; 
rash.  (Note:  Fed  three  hundred  fifty-six  normal  A.  segypti  designated 
lot  135,  which  later  transmitted  dengue  to  A.V.  74-L.)  December  14 
temperature  99.8;  leukocytes  3,100;  pronounced  mottling  on  chest,  back, 
and  abdomen^  appetite  good;  no  alteration  in  taste  sense;  headache;  eyes 
ache  a  little;  aches  in  knee  joints  and  feels  "weak  in  the  knees."  De- 
cember 15  distinct  macular  rash;  headache;  weakness;  temperature  100^; 
leukocytes  3,150.  December  16  temperature  104;  leukocytes  3,750;;  back 
tender  and  weak;  dizzy,  especially  after  drinking  water;  left  cervical 
lymph  nodes  enlarged;  rash  pronounced.     December  17  temperature  99.8; 
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Fig.   122.     Experimental  dengue  in  American  volunteer  61. 

leukocytes  2,950,  same  as  December  16.  December  18  temperature  nor- 
mal; leukocytes  4,200;  no  pain  of  any  kind;  rash  is  beginning  to  fade; 
weak;  no  longer  dizzy.  December  19  temperature  normal;  leukocytes 
6,350;  rash  fading.  December  20  temperature  normal;  leukocytes  6,050; 
discharged. 

Summary, — Infectious  material  eighty-four  A,  segypti  of  lot  116,  which 
were  infected  from  A.V.  49-L  fourteen  days  previously.  Incubation  period 
five  days.  Fever,  type  intermittent;  duration  five  days;  height  104°  F. 
Leukopenia  extreme;  low  point  2,950;  duration  eight  days;  "W"-type 
curve;  large  vacuolated  monocytes  present  December  16,  17,  18,  and  20 
following  the  last  day  of  fever.  December  16  rash  secondary;  virus 
transferred  through  A.  segypti  lot  135  to  A.V.  74-L. 


CONCLUSIONS 

Experiment  1. — Indicated  that  Japanese  monkey  M.  fuscatus  2  was  prob- 
ably immune  to  dengue,  as  infection  did  not  follow  the  injection  of  dengue- 
infected  blood. 

Susceptibility  test. — The  susceptibility  of  this  volunteer  to  dengue  fever 
proved  the  infectivity  of  lot  116  A.  asgypti. 
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TEST  FOR  IMMUNITY  POUR  MONTHS  LATER 

April  25,  1930,  or  more  than  four  months  after  infection,  A.V.  61-J 
was  bitten  by  seven  A.  segypti  of  lot  195,  which  twenty-three  days  pre- 
viously had  fed  on  A.V.  85-T  during  the  first  day  of  dengue  fever.  Jor- 
genson  had  not  been  sick  in  the  intervening  period.  Since  dengue  did  not 
occur  it  m^y  be  concluded  that  he  was  immunized  by  the  experimental 
attack  in  December  and  that  this  immunity  protected  him  for  more  than 
four  months.  The  infectivity  of  lot  195  was  proved  subsequently  by 
transmission  of  dengue  fever  by  this  lot  to  A.V.  96-*H. 

Dengue  volunteer    (American)    62. 

HousDEN,  Truman  B.,  Pvt.  (A.  S.  N.  6541446),  "D"  Co.,  31st  Inf., 
Manila;  age  22  years;  race  white;  total  service  seven  months;  tropical 
service  one  month.  Bom  in  Centralia,  Washington;  lived  in  Oregon  and 
Canada  (Tennessee  two  weeks).  Arrived  in  Philippine  Islands  October, 
1929.  History  of  dengue  negative.  Admitted  to  experimental  ward  No- 
vember 20,  1929  (R.  N.  102728).  Physical  examination  and  routine  labora- 
tory tests  showed  him  to  be  normal.  Previous  medical  history  of  measles, 
mumps,  smallpox,  and  grippe.  Preliminary  observation  period  eight  days, 
November  20  to  28,  1930.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Infectious  material — November  28,  1929,  8.15  a.  m.,  bitten  by  seventy- 
five  A,  xgypti  of  lot  110;  this  was  a  composite  lot  composed  of  mosquitoes 
fed  on  Japanese  monkey  M,  fuscatics  3  from  November  5  to  9,  following 
the  inoculation  into  this  animal  of  dengue-infected  blood  from  A.V.  55-S 
November  1,  1929. 

Incubation  period, — November  28  to  December  2,  four  and  one-half 
days. 

Dengue  fever, — Onset  in  afternoon  of  December  2,  1929,  with  slight 
fever  (100.4°  F.),  headache,  eye  pains,  and  pain  in  back.  December  3 
slight  rash  on  back;  no  appetite;  nausea,  but  no  vomiting;  headache; 
pains  in  eyes  and  back;  temperature  103.2;  leukocytes  7,650.  December 
4  no  rash;  chills;  arms  feel  numb;  bilateral  enlargement  of  cervical  lymph 
nodes;  postorbital  pain;  frontal  headache;  back  and  legs  ache;  leukopenia 
began  (5,600);  temperature  101.4.  Note:  December  4,  10.15  a.  m.,  (a) 
Eighty-four  normal  A.  albopictus  fed,  designated  lot  128  and  used  later 
to  transmit  dengue  virus  to  M,  philippinensis  30  and  31,  and  A.V.  69-K. 
(6)  Three  hundred  seventy-five  normal  A,  segypti  fed,  designated  lot  129 
and  used  later  in  preparation  of  a  "vaccine."  (c)  Thirty  cubic  centi- 
meters of  blood  drawn  in  citrate,  placed  in  a  feeding  cell  and  fed  to 
six  hundred  seventy-seven  normal  A,  segyptiy  designated  lot  130,  and  used 
in  preparation  of  a  'Vaccine."  December  5  face  flushed ;  no  rash ;  some 
alteration  of  sense  of  taste;  temperature  102°  F.;  leukocytes  4,700.  De- 
cember 6  backache  is  chief  complaint;  temperature  102°  F.;  leukocj^s 
2,900.  December  7  right  leg  "goes  to  sleep;"  headache;  pains  in  eyes,  back, 
legs,  and  left  side  of  chest;  alteration  in  taste  sense  continues;  dizziness; 
no  distinct  rash;  temperature  102.4°  F.;  leukocytes  2,850.  December  8 
slight  headache  and  discomfort  following  the  use  of  eyes;  cervical  lymph 
nodes  palpable;   temperature  99.4°  F.;   leukocytes  2,600;  weak,  but  other- 
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Fig.   123.     Experimental  dengue  in  American  volunteer  62. 

wise  normal.     December  9  weak;  last  day  of  leukopenia   (5,300)  ;  Decem- 
ber 10  normal.     December  11  discharged. 

Summary, — Infectious  material  seventy-five  A.  segypti  of  lot  110,  which 
were  Infected  from  Japanese  monkey  M.  fuscatus  3  seventeen  to  twenty- 
three  days  previously.  Incubation  period  four  and  one-half  days.  Fever, 
type  continuous;  duration  six  and  one-half  days;  height  103.2°  F.  Leuko- 
penia, duration  six  days;  low  point  2,600;  **U"-type  curve;  large  vacuo- 
lated monocytes  present  December  9,  10,  and  11,  one,  two,  and  three  days 
following  return  of  temperature  to  normal.  Rash  primary  (questionable). 
Virus  transferred  to  A.  albopictus  lot  128,  and  A,  segypti  lots  129  and 
130.  The  dengue  strain  was  transferred  by  A.  albopictus  lot  128  to  A.V. 
69--K,  and  M,  philippinensis  "Sagada"  30-A  and  31~B. 


CONCLUSION 


Japanese  monkey  M.  fuscatus  3  was  infected  with  the  virus  of  dengue 
by  the  subcutaneous  injection  of  whole  blood  obtained  from  a  case  of 
experimental  dengue  fever. 
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Dengue  volunteer  (American)  63. 

Begley,  Curt,  Pvt.  (S.  N.  R.  540454),  2d  Obs.  Sqdn.,  A.  C,  Camp 
Nichols;  age  35  years;  white;  total  service  ten  years;  tropical  service 
one  and  one-half  months.  Born  in  Dryhill,  Kentucky;  lived  in  Kentucky, 
Pennsylvania,  Galveston,  Texas,  few  months  (1915),  Fort  Bliss,  two  years, 
1915-16,  China  three  years.  Arrived  in  Philippine  Islands  October,  1929. 
History  of  dengue  negative.  Previous  medical  history  of  measles,  mumps, 
whooping  cough,  and  chicken  pox;  malaria  while  on  duty  in  China.  Phys- 
ical and  routine  laboratory  examinations  showed  him  to  be  normal.  Pre- 
liminary observation  period  nine  days,  November  21  to  30.  No  evidence 
of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — November  30,  1929,  this  volunteer  was  injected  sub- 
cutaneously  with  1  cubic  centimeter  of  filtrate  obtained  by  passing  a 
suspension  of  fifty  macerated  A,  segypti  of  lot  104  through  a  Berkefeld 
filter  "W."     November  30  to   December  10  no  evidence  of  dengue  fever. 

Experiment  2. — December  10,  1929,  fed  thirty-one  A.  aegypti  of  lot 
100,  which  had  taken  blood  from  A.V.  55-S  forty  days  previously  during 
the  first  day  of  dengue  fever.  December  10  to  18  no  evidence  of  dengue. 
December  14  this  man  had  a  slight  elevation  of  temperature,  but  he  had 
a  marked  diarrhoea  at  the  same  time.  December  20  discharged  on  ac- 
count of  Christmas  holidays. 

DENGUE   SUSCEPTIBILITY  TEST 

This  volunteer  was  returned  to  his  organization  during  the  Christmas 
holidays  and  it  was  not  possible  to  test  his  susceptibility  to  dengue  before 
March  28,  1930. 

March  28,  1930,  9  a.  m.,  fed  twenty-two  A.  segypti  lot  174.  March  28 
to  April  10  no  evidence  of  dengue.  Blood  counts  were  not  made  routinely. 
April  3,  the  sixth  day  following  the  feeding  of  lot  174,  a  blood  count  was 
made  with  the  following  result: 

Per  ceaitk  Number. 

Total  leukocytes  8,300 

Monocytes  5  415 

Lymphocytes  39  3,237 

Polymorphonuclears  56  4,684 

Young  neutrophiles  0 

''Staff"  neutrophiles  6  498 

Segmented    neutrophiles  46  3,818 

Eosinophiles  4  332 

Basophiles  0 

CONCLUSION 

Since  dengue  fever  did  not  follow  the  feeding  of  ten  A.  segypti  of  lot 
100  and  later  of  twenty- two  A.  asgypti  of  lot  174  it  is  presumed  that  the 
volunteer  is  an  immune  and  for  this  reason  experiments  1  and  2  are 
invalidated. 

Dengue  volunteer  (American)   64. 

Connor,  Charlie  W.,  Pvt.  (A.  S.  N.  6814007),  **B"  Co.,  31st  Inf.,  Manila; 
age  20  years;  white;  total  service  eight  months;  tropical  service  one  and 

259452 27 


418 


APPENDIX 


EXPERIM 

imxi  DE^elE  Ay.No.63  begibyxurt                        l 

pre:lininary 
observation   period 

HRST  EXPERIMEtfT  Bepkefeld"¥"filtrateflf  WWden- 
<uetnrecWAa«sypli,rajed«isubcutan«Kly  A.M.Nov.3fl 

5fl0kDE)lPflliMINT.3IA.AmplirfL.tl0i)Fe4A.nDetl0 

NO  EVIDENCE  OF  OEN&UE 

E     105 
< 

£     103 

1     10' 

N( 
21 

22 

3ER 
23 

ir 

'« 

^. 

27 

28 

29 

30 

DEC 
I 

EHE 
2 

ER 

4 

5 

6 

7 

8 

9      1 

)    II 

12 

i; 

14 

^5. 

16 

17 

Jl 

49. 

20 

105  1 
103? 

101  i 

PI 
99 

97 

'"1 

t 

— A 

CUTt 

EN 

'ERI 

ns 

^ 

-  _A 

f 

# 

87 

/^ 

^ 

^ 

^ 

/5 

^ 

• 

r 

6 

H 

^ 

^ 

P 

i*>^ 

Z? 

(?? 

^ 

^ 

^'^ 

V 

!^ 

/^ 

r 

^ 

/^ 

^ 

b/ 

r 

10000 

— 

-1 

— 

— 

— 

— 

r^ 

— 



^ 

— 

10000 
9000 
8000 
7000 

som  c 

8000 

J 

h^ 

4 

'^ 

J 

^ 

-. 

'"N 

/ 

\ 

v.^ 

,a« 

.*•, 

*4^ 

•• 

^     ttM 

T 

)TA 

- 

r** 

m-' 

^•i 

,•••■ 

A 

V 

H    MOO 
g    SOOO 
^   dflOO 

A 

5000  1 
4000g 
3000 

i 

/ 

^ 

/ 

_.    MOO 

1 

•-^ 

-. 

..^ 

._^ 

-^ 

d 

\ 

^^ 

V 

3000 

NE 

ffif 

PHII 
CYT 

15> 

K 

,— 

..'' 

>"-<- 

'•-^ 

^ 

A 

\- 

./ 

S^ 

V 

rv 

2000 

1000 

0 

M^ 

N0( 

n 

S^ 

^ 

0 

EC 

iINO 

•HIU 

5^ 

i^'; 

-•». 

:::a 

«T, 

n>« 

.r.< 

■^^ 

IW»^ 

"^ 

M«« 

IM". 

Mk<f< 

k^ 

(■ 

KIT  7 

01  'tt 

LS). 

-* 

^7 

K0 

10000 

1 

z    1000 

:    100 

10 

^ 

= 

= 

= 

g 

§ 

~H 

^ 

^ 

^ 

= 

■~1 

=_ 

= 

= 

10000 

1 

1000  g 

1 

.00 1 

1 

10 





1 

1 





_J 



_J 



, 1 



_ 







— 



— 

^ 

i&M 

STj 

^ 

-Ik-. 

-^ 



y' 

— ^ 

^~ 

— 

r^ 

->'''' 

H 

J 

_ 

__ 

'^ 

0 

r^ 

= 

= 

^ 

= 

^ 

S 

g 

^ 

^ 

^ 

i^- 

=  S 

^ 

^ 

= 

^ 

H!* 

— 

1 

— 



— 

— 

— 

— 

— 

— 

— 





^% 

^ 

= 

= 

^ 

d 

= 

^ 

= 

^ 

d 

^ 

P 

=  ^ 

^ 

^ 

E 

E 

E 

— 

1 

E 

=H 

: 

= 

= 

= 

= 

— 

— 

— 

— 

:3 

qll^ 

6^ 



— 

S( 

— 

On  March  28^I930.2Z  A.Ae^^pti  of  Lotl74  Were  fed  from  M8rct\28  to  April  10  the*  was  no  evidence  of  dengue.  Volunteer  is  an  i.-nmurx?. 
Fig.   124.     Experimental  dengue  in  American  volunteer  63. 

one-half  months.  Born  in  Virginia;  lived  in  Virginia  only.  Arrived  in 
Philippine  Islands  October,  1929.  History  of  dengue  negative.  Medical 
history,  measles  and  mumps.  Admitted  to  experimental  ward  November 
21,  1929  (R.  N.  102743).  Physical  and  routine  laboratory  examinations 
showed  him  to  be  normal.  Preliminary  observation  period  eight  days, 
November  21  to  29,  during  which  there  was  no  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — November  29  fifty  A.  segypti  of  lot  95,  which  were 
infected  from  A.V.  48-H  October  27,  1929,  were  ground  in  4  cubic  cen- 
timeters of  hormone  broth  and  after  the  suspension  had  been  filtered 
through  a  medium-grade  Handler  filter,  1  cubic  centimeter  of  the  filtrate 
was  injected  subcutaneously.  November  29  to  December  10  no  evidence 
of  dengue  fever. 

DENGUE   SUSCEPTIBILITY  TEST 

Infectious  material. — December  10,  1929,  bitten  by  fifty-eight  A,  segypti 
of  lot  117,  which  were  infected  November  23,  1929,  from  A.V.  56-K. 
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Incubation  period. — ^December  10  to  December  16,  six  days. 

Dengue  fever. — Onset  at  noon  December  16  with  fever  102.2,  shaking 
chili,  nausea,  dizziness,  and  aching  in  back  and  knee  joints;  leukocytes 
7,200.  December  17  faint  rash  on  back  and  sides  of  chest;  anorexia, 
nausea,  backache,  ankle  joints  ache;  leukopenia  began  (4,150);  temper- 
ature 102.  Note:  Fed  three  hundred  forty-eight  A.  segypti,  designated 
lot  138  and  later  used  to  transmit  dengue  to  A.V.  75-P  and  A.V.  78-0. 
December  18  no  pains  but  weak  and  dizzy  on  standing;  anorexia;  faint 
mottling;  leukocytes  3,150;  temperature  101.  December  19  chills  during 
night  of  December  18;  rash  present;  right  cervical  lymph  nodes  palpable; 
headache;  pain  on  rotation  of  eyes;  anorexia;  weakness  and  dizziness; 
coughing  a  little;  temperature  102.2;  leukocytes  3,900.  December  20 
mottling  rash  on  back;  eyes  ache;  frontal  headache;  pains  in  neck  mus- 
cles; no  appetite;  food  tastes  "peculiar;"  some  cough.  December  21  tem- 
perature normal;  leukocytes  4,050;  feels  well.  December  22  last  day  of 
leukopenia   (6,100)  ;  temperature  normal.     December  23  discharged. 

Summary. — Infectious  material  fifty-eight  A.  aegypti  of  lot  117,  which 
were  infected  from  A.V.  56-K  seventeen  days  previously.  Incubation 
period  six  days.  Fever,  type  continuous;  duration  four  and  one-half  days; 
height  102.2°  F.  Leukopenia  extreme;  low  point  2,600;  duration  six  days; 
"U"-type  curve;  large  vacuolated  monocytes  present  December  21,  22,  23 
following  return  of  temperature  to  normal  December  21,  1929.  Rash 
primary.  Virus  transferred  through  A.  segypti  lot  138,  to  A.V.  75-P 
and  A.V.  78-0. 

CONCLUSIONS 

Experiment  1, — The  virus  of  dengue  fever  in  infected  A.  segypti  failed 
to   pass  through   a   medium   grade   of  Handler  filter. 

Susceptibility  test. — The  susceptibility  of  this  volunteer  to  dengue  virus 
and  the  infectivity  of  lot  117  A.  segypti  were  proved. 

Dengue  volunteer  (American)  65. 

Farris,  George,  Pvt.  (A.  S.  N.  6786730),  "B"  Co.,  31st  Inf.,  Manila;  age 
22  years;  white;  total  service  two  years,  tropical  service  one  and  one-half 
months.  Born  in  Virginia  and  lived  no  other  place.  Arrived  in  Philippine 
Islands  October,  1929.  History  of  dengue  negative.  Admitted  to  experi- 
mental ward  November  21,  1929  (R.  N.  102444).  Medical  history  measles, 
mumps,  and  grippe.  Physical  and  routine  laboratory  examinations 
showed  him  to  be  normal.  Preliminary  observation  period  eight  days, 
November  21  to  November  29.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — November  29,  1929,  this  man  was  injected  subcu- 
taneously  vdth  0.7  gram  of  dried  dengue  blood  in  0.9  per  cent  saline  which 
was  obtained  by  drying  frozen  whole  dengue  blood  from  A.V.  38-H, 
September  11,  1929,  over  CaCL  in  vacuo.  November  29  to  December  10, 
no  evidence  of  dengue. 

DENGUE   SUSCEPTIBILITY  TEST 

Infectious  material. — December  10,  1929,  7  a.  m.,  fed  ten  infective 
A.  segypti  of  lot  112. 

Incubation  period. — December    10    to   December   16,    six   days. 
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Dengue  fever, — Onset  afternoon,  December  16,  with  slight  elevation 
of  temperature,  99.4;  generalized  aching  of  bones  and  muscles;  shaking 
chills  which  lasted  until  5  a.  m.  of  December  17.  December  17  leuko- 
penia began  (5,850) ;  feels  well,  except  that  movement  of  eyes  causes 
headache;  faint  mottling  on  back  and  sides  of  chest  and  abdomen; 
left  cervical  lymph  nodes  enlarged.  Note;  Fed  three  hundred  seventy 
normal  A.  segypti  designated  lot  139  and  used  later  to  transmit  dengue 
to  A.V.  68-J.  December  18  frontal  headache;  soreness  in  muscles  of 
eyes;  weakness  and  dizziness  on  standing.  December  20  some  aching 
centered  in  eyes,  rash  as  before.  December  19  rash  as  before,  but  no 
complaint.  December  21  marked  terminal  rash  present  on  wrists  and  fore- 
arms, faint  mottling  on  back  and  sides  of  trunk;  very  weak;  no  appetite. 
December  22  normal.  December  23  last  day  of  leukopenia  (6,450) ;  dis- 
charged. 

Summary, — Infectious  material  ten  A.  segypti  of  lot  112,  which  were 
infected  from  A.V.  50-C  November  13,  1929,  or  twenty-seven  days  pre- 
viously. Incubation  period  six  days.  Fever,  type  continuous  but  slight; 
duration  five  and  one-half  days;  height  102.4°  F.  Leukopenia  moderate; 
low  point  3,150;  duration  seven  days;  "V"-type  curve;  large  vacuolated 
monocytes  present  on  December  20,  during  the  last  day  of  fever.  Primary 
rash  slight,  but  terminal  was  pronounced.  Virus  transferred  through 
A,  aggypti  lot  139  to  A.V.  68-J. 

CONCLUSIONS 

Experiment  1, — Dengue-infected  blood,  frozen,  desiccated  in  vacuo,  and 
stored  at  18°  C.  for  a  period  of  seventy-nine  days,  failed  to  cause  dengue 
fever  when  injected  into  a  susceptible  volunteer. 

The  susceptibility  test  proved  the  susceptibility  of  the  volunteer  and 
the  infectivity  of  lot  112  ^4.  segypti. 

Dengue  volunteer  (American)  66. 

Whitehall,  James,  Pvt.  (A.  S.  N.  6541988),  *'D^^  Co.,  31st  Inf.,  Manila; 
age  30  years;  white;  total  service  eight  months;  tropical  service  one  and 
one-half  months.  Born  in  New  Jersey;  lived  in  California  and  New  Jersey; 
has  been  to  Tia  Juana  on  visits.  Arrived  in  Philippine  Islands  October, 
1929.  History  of  dengue  negative.  Admitted  to  experimental  ward  No- 
vember 22,  1929  (R.  N.  102751).  Medical  history  measles  and  mumps. 
Physical  and  routine  laboratory  examinations  showed  him  to  be  normal. 
Preliminary  observation  period  eight  days,  November  22  to  30,  during 
which  there  was  no  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — November  1  sixty-six  A.  aegypii  of  lot  99,  which  had 
fed  between  6  and  9  p.  m.  on  A.V.  55-S  and  A.V.  52-N,  were  macerated, 
suspended  in  1  cubic  centimeter  of  guinea-pig  blood,  and  fee}  to  sixty  A, 
segypti  which  became  lot  103.  Twenty-nine  days  later,  November  30, 
1929,  11.45  a.  m.,  sixteen  of  lot  103  fed  on  this  volunteer.  November  30 
to  December  10  no  evidence  of  dengue. 
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Fig.   127.     Experimental  dengue  in  American  volunteer  66. 


DENGUE   SUSCEPTIBILITY   TEST 

Infectious  material. — December  10,  1929,  9  a.  m.,  bitten  by  one  hundred 
nine  A.  aegypti  of  lot  114,  which  were  infected  from  A.V.  57-E  twenty- 
four  days  previously. 

Incubation  period. — December  10  to  15,  five  days. 

Dengue  fever. — Onset  at  noon  December  15,  with  fever  (100) ;  leukocytes 
9,900;  some  dizziness  and  headache.  December  16  temperature  101;  leuko- 
cjrtes  9,450;  rash,  flushing  of  face,  headache,  weakness,  bilateral  enlarge- 
ment of  cervical  lymph  nodes.  Note:  Three  hundred  fifty  normal  A,  xgypti 
fed,  designated  lot  137,  and  used  to  transmit  dengue  to  A.V.  67-M,  70-S, 
71-W,  76-M,  and  84-C.  December  17  rash;  aching  in  eyes  and  back; 
headache;  stiffness  and  pain  on  movements  of  joints,  especially  the  knee 
joints;  rash;  both  cervical  and  inguinal  gla.nds  palpable;  leukopenia  began 
(6,100);  temperature  101.4.  December  18  face  flushed;  marked  rash; 
glandular  enlargement  in  cervical  and  inguinal  regions;  eyes  ache  when 
moved;  headache;  "stiflT"  joints  with  pain  on  movement;  some  alteration 
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in  taste  sense;  weak  and  dizzy  on  standing;  temperature  101.4;  leukocytes 
5,300.  December  19  marked  maculopapular  rash;  aching  somewhat  less; 
stiffness  of  neck;  dizzy  and  weak  on  standing;  temperature  99.2;  leukocytes 
4,150.  December  20  marked  rash  on  trunk  and  arms;  last  day  of  leuko- 
penia (6,550) ;  temperature  normal.     December  21  discharged. 

Summary. — -Infectious  material  one  hundred  nine  A.  ssgypti  of  lot  114, 
which  were  infected  from  A.V.  57-E  November  16,  or  twenty-four  days 
previously.  Incubation  period  five  days.  Fever,  type  continuous;  duration 
four  days;  height  101.4''  F.  Leukopenia  mild;  low  point  4,150;  duration 
three  days;  "V"-type  curve;  large  vacuolated  monocytes  present  December 
21,  two  days  after  the  temperature  had  returned  to  normal.  Rash  primary 
and  secondary  (terminal).  Virus  transferred  by  A.  segypti,  lot  137  to 
A.  V.  67-W,  70-.S,  71-W,  75^M,  and  84-C. 

CONCLUSIONS 

Experiment  1, — NoiTnal  A.  segypti  were  not  infected  by  feeding  on  mos- 
quitoes that  had  ingested  dengue-infected  blood  less  than  twenty-four 
hours  previously. 

The  susceptibility  test  proved  the  susceptibility  of  the  volunteer  to 
dengue  and  the  infectivity  of  lot  114  A,  segypti. 

TEST  FOR   IMMUNITY  FOUR   MONTHS  LATER 

April  25,  1929,  or  more  than  four  months  after  infection,  A.V.  66-White- 
hall  was  bitten  by  five  A.  segypti  of  lot  195,  which  twenty-three  days  pre- 
viously had  fed  on  A.V.  85-T  during  the  first  day  of  dengue  fever.  White- 
hall had  not  been  sick  in  the  intervening  period.  Since  dengue  did  not 
occur  it  may  be  concluded  that  Whitehall  was  immunizied  by  the  experi- 
mental attack  in  December,  1929,  and  that  this  immunity  protected  him 
for  more  than  four  months.  The  infectivity  of  lot  195  was  proved  sub- 
sequently by  transmission  of  dengue  fever  by  this  lot  to  A.V.  96-H. 

Dengue  volunteer  (American)  67. 

McCreless,  Joseph  H.,  Pvt.  (A.  S.  N.  6700877),  "K"  Co.,  31st  Inf., 
Manila;  age  27  years;  white;  total  service  four  months;  tropical  service 
six  days.  Born  in  Alabama;  lived  in  Jacksonville,  Florida,  two  months; 
Pensacola  ten  years.  Arrived  in  Philippine  Islands  December  28,  1929. 
History  of  dengue  negative.  Admitted  to  experimental  ward  January  4, 
1930  (R.  N.  103117).  Medical  history  chicken  pox  and  mumps.  Physical 
and  routine  laboratory  examinations  showed  him  to  be  normal.  Preliminary 
observation  period  nine  days,  January  4  to  13,  1930.  No  evidence  of 
dengue  fever. 

E3XPERIMENTAL 

Experiment  1. — January  13  to  30  bitten  by  fifty  A.  segypti  of  lot  140 
and  thirty  of  lot  141.  Mosquitoes  of  these  lots  had  fed  December  17, 
1929,  on  a  mixture  of  guinea-pig  blood  and  a  medium  used  in  an  attempt 
to  cultivate  the  virus  of  dengue. 

DENGUE   SUSCEPTIBILITY  TEST 

Infectious  material. — January  27,  1930,  10  a.  m.,  bitten  by  eighty-nine 
A.  segypti  of  lot  137,  which  were  infected  from  A.V.  66-W  December  16, 
1929.. 
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Incubation  period. — January  27  to  February  1,  five  days. 

Dengue  fever. — Onset  during*  the  afternoon  of  February  1  with  fever 
103°  F.;  leukocytes  7,350;  chilliness,  weakness,  dizziness,  and  generalized 
aching.  February  2  temperature  102;  leukocytes  6,650;  face  flushed;  faint 
rash  on  back,  chest,  and  abdomen;  slight  cough;  some  anorexia;  food  and 
cigarettes  have  "foreign  taste."  Note:  Three  hundred  nineteen  normal  A, 
segypti  fed,  designated  lot  162,  and  later  transmitted  dengue  to  A.V.  77-E. 
February  3  leukopenia  began  (3,850);  temperature  100;  eyes  congested; 
face  flushed;  mottled  rash;  slight  general  aching;  slight  enlargement  of 
left  cervical  lymph  node;  headache;  eyes  ache.  February  4  back,  legs, 
and  arm  muscles  tender  and  ache;  taste  sense  somewhat  altered;  consti- 
pated; rash;  temperature  99.2;  leukocytes  3,850.  February  5  same  with 
increased  weakness;  temperature  100;  leukocytes  2,900.  February  6  aching 
in  neck  muscles;  rash  fading;  palms  "itch;"  temperature  100;  leukocytes 
3,050.  February  7  rash  fading;  last  day  of  leukopenia  (5,300) ;  tempei"- 
ature  normal.     February  8  faint  rash;  discharged. 

Summary, — Infectious  n>aterial  eighty-nine  A.  segypti  of  lot  137,  which 
were  infected  from  A.V.  66-W  December  16,  or  thirty-two  days  previously. 
Incubation  period  five  days.  Fever,  type  intermittent;  duration  six  days; 
height  103°  F.  Leukopenia  marked;  low  point  2,900;  duration  five  days; 
large  vacuolated  monocytes  present  February  6  and  7,  the  day  of,  and  the 
day  following  the  return  of  the  temperature  to  normal.  Rash  primary 
and  secondary  (terminal).  Virus  continued  through  A,  segypti  lot  162 
to  A.V.  77-E. 

CONCLUSIONS 

Experiment  1, — The  mosquitoes  were  not  infected. 

The  susceptibility  test  proved  the  susceptibility  of  the  volunteer  and 
the  infectivity  of  ^.  segypti  lot  137. 

Dengue  volunteer  (American)  68. 

Jones,  Carl  W.,  Pvt.  (A.  S.  N.  6542566),  "K"  Co.,  31st  Inf.,  Manila;  age 
19  years;  white ;<  total  service  five  months;  tropical  service  six  days.  Born 
in  Illinois;  lived  in  Oklahoma,  Arizona,  and  southern  California.  Arrived 
in  Philippine  Islands  December  28,  1929.  History  of  dengue  negative. 
Chills  and  fever  ten  days,  slight  rash,  southern  California,  June,  1929. 
Medical  history  measles  and  chicken  pox.  Admitted  to  experimental  ward 
January  4,  1930  (R.  N.  103116).  Physical  and  routine  laboratory  exami- 
nations showed  him  to  be  normal.  Preliminary  observation  period  nine 
days,   January   4   to    13,    1930.     No   evidence   of   dengue   fever. 

EXPERIMENTAL 

Experiment  1, — January  13,  1930,  or  twenty-one  days  after  feeding  on 
culture  materials,  eighty-one  A,  segypti  of  lot  148,  one  hundred  twelve  of 
lot  150,  ninety-five  of  lot  152,  and  eighty-seven  of  lot  154  were  fed  on 
this  volunteer.     Between  January  13  and  27  no  evidence  of  dengue. 

TEST  FOR   SUSCEPTIBILITY  TO  DENGUE 

Infectious  material, — January  27,  1930,  10  a.  m.,  bitten  by  one  hundred 
ten  A,  segypti  of  lot  139. 

Incubation  period, — January  27  to  afternoon  of  February  1,  1980,  five 
and  one-half  days. 
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Dengue  fever. — Onset  with  fever.  February  1  fever  101;  leukocytes 
7,250;  headache;  pain  and  discomfort  on  moving  eyes;  pains  in  elbow, 
wrist,  and  knee  joints.  February  2  temperature  101.4;  leukocytes  9,350; 
stiffness  of  vertebral  column;  left  cervical  lymph  nodes  enlarged;  mottling 
of  skin  distributed  evenly  over  chest,  back,  and  abdomen;  alteration  of 
taste  (coffee,  cigarettes  "taste  peculiar");  weakness;  anorexia.  February 
3  leukopenia  began  (4,300);  temperature  100;  stiffness;  light  mottling  of 
skin.  February  4  slight  maculopapular  rash;  weak;  eyes  ache  and  cause 
dizziness  when  used;  temperature  102.8;  leukocytes  3,400.  February  5 
face  flushed;  eyes  pain;  aching  in  back  and  legs;  rash  distinct;  dizzy  on 
standing;  cervical  nodes  enlarged;  temperature  103.8;  leukocytes  3,700. 
February  6  temperature  100;  leukocytes  4,550;  feels  better;  rash  pro- 
nounced. February  7  last  day  of  leukopenia  (5,850) ;  temperature  nor- 
mal;  rash  fading;,  feels  well.     February  8  rash  still  present;  discharged. 

Summary, — Infectious  material  one  hundred  ten  A.  aegypti  of  lot  139, 
which  were  infected  from  A.V.  65-F  December  17,  or  forty-one  days  pre- 
viously. Incubation  period  five  and  one-half  days.  Fever,  type  intermit- 
tent; duration  five  and  one-half  days;  height  103.8°  F.  Leukopenia  mod- 
erate; low  point  3,400;  duration  five  days;  "V"-type  curve;  large  vacuo- 
lated monocytes  present  February  5  and  6,  the  day  before,  and  the  day 
of  the  return  of  the  temperature  to  normal.  Rash  primary  and  secondary 
(terminal).     Virus  transmitted  to  A.  aegypti  to  lot  163. 

CONCLUSIONS 

Experiment  1. — The  mosquitoes  used  were  not  infective. 

Susceptibility  test Both  the  susceptibility  of  the  volunteer  and  the  in- 

fectivity  of  lot  110  A.  aegypti  were  proved. 

Dengue  volunteer   (American)   69. 

Kelley,  Boyd  L.  J.,  Pvt.  (A.  S.  N.  6648191),  "I"  Co.,  31st  Inf.,  Manila; 
age  23  years ;  white ;  total  service  two  years ;  tropical  service  six  days. 
Born  in  Indiana ;  lived  in  Indiana  and  Kentucky.  Arrived  in  Philippine 
Islands  December  28,  1929.  History  of  dengue  negative.  Admitted  to 
experimental  ward  January  4,  1930  (R.  N.  103114).  Medical  histoty  ma- 
laria five  years  ago.  Physical  and  routine  laboratory  examinations  showed 
him  to  be  normal.  Preliminary  observation  period  nine  days,  January  4 
to  13,  1930.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — January  13,  1930,  bitten  by  seventy  A.  aegypti  of  lot 
136,  which  represented  a  part  of  the  mosquitoes  that  had  fed  on  Japanese 
monkey  M,  fuscatus  5  December  16,  17,  18,  the  fourth,  fifth,  and  sixth 
days  following  the  feeding  of  eighty-four  dengue-infected  A,  aegypti  of 
lot  110.  (Lot  110  was  obtained  from  Japanese  monkey  M.  fuscatus  3,  see 
record.)     January  13  to  27  no  evidence  of  dengue  fever. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material. — January  27,  1930,  bitten  by  fourteen  A.  albopictus 
of  lot  128,  which  were  infected  fifty-six  days  previously  by  feeding  on 
A.V.  62-H. 

Incubation  period. — January  27  to  February  1,  five  days. 
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Dengue  fever. — Onset  at  noon,  February  1,  with  fever  100  and  chill. 
Headache;  postorbital  pain;  leukocytes  8,950.  February  2  leukopenia  be- 
g-an  (4,400);  pain  in  maxillary  joints;  fever  102.6;  bilateral  cervical  en- 
largement of  lymph  nodes.  February  3  headache;  pain  on  movement  of 
eyes;  backache;  pains  in  legs  and  shoulder  joints;  light  mottling  of  skin; 
nausea;  alteration  in  taste  sense,  temperature  100.2;  leukocytes  8,700. 
February  4  general  pains;  anorexia;  nausea;  altered  sense  of  taste;  tem- 
perature 99.8;  leukocytes  4,200.  February  5  weakness  and  dizziness;  no 
rash;  temperature  101.6;  leukocytes  3,500.  February  6  head  and  eyes 
ache;  back  and  knees  feel  stiff  and  painful;  bilateral  enlargement  of  cer- 
vical lymph  nodes;  weakness  and  dizziness;  rash  questionable;  temperature 
100.8;  leukocytes  3,150.  February  7  terminal  rash  on  hands  and  wrists; 
temperature  99;  leukocytes  5,600.  February  8  still  complains  of  pain  in 
knee  joints;  backache;  slight  rash  persists;  marked  bilateral  enlargement 
of  cervical  lymph  nodes;  temperature  normal;  leukocytes  6,350.  February 
9  leukocytes  6,200.     February  10  leukocytes  6,550;  discharged. 

Sv/rmnary. —IrdQctioxxs,  material  fourteen  A.  albopictus  of  lot  128,  which 
were  infected  from  A.V.  62'-H  December  4,  1929,  or  fifty-six  days  pre- 
viously. Incubation  period  five  days.  Fever,  type  intermittent  with  "sad- 
dle;" duration  five  and  one-half  days;  height  102.6°  F.  Leukopenia,  low 
point  3,150;  duration  eight  days;  "V"-type  curve;,  large  vacuolated  mono- 
cytes present  February  5  and  7,  the  second  day  before,  and  the  first 
day  after  the  temperature  had  returned  to  normal.  Rash  terminal.  Virus 
transferred  to  A.  segypti  lot  161. 

CONCLUSIONS 

Experiment  1. — Aedes  segypti  of  lot  136  failed  to  produce  dengue. 
Susceptibility  test. — The  susceptibility  of  this  volunteer  to  dengue  and 
the  infectivity  of  lot  128  A.  albopicttis  were  proved. 

Dengue  volunteer  (American)  70. 

Sbifert,  Anthony,  Pvt.  (A.  S.  N.  6543176),  "L"  Co.,  31st  Inf.,  Manila; 
age  24  years;  white;  total  service  forty-five  days;  tropical  service  six 
days.  Born  in  North  Dakota;  lived  in  Washington  State.  Arrived  in 
Philippine  Islands  December  28,  1929.  History  of  dengue  negative.  Ad- 
mitted to  experimental  ward  January  4,  1930  (R.  N.  103113).  Medical 
history  measles  and  mumps.  Physical  and  routine  laboratory  examinations 
showed  him  to  be  normal.  Preliminary  observation  period  nine  days, 
January  4  to  13,  1930.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — January  13,  1930,  bitten  by  ninety-six  A.  segypti  of  lot 
146,  which  on  December  19,  1929,  had  fed  on  a  suspension  of  one  hundred 
six  male  A.  segypti  of  lots  123  and  124,  which  previously  copulated  with 
infective  female  mosquitoes.  January  13  to  27  no  evidence  of  dengue 
fever. 

Experiment  2. — January  27,  1930,  again  bitten  by  forty-three  A.  segypti 
of  lot  146.     January  27  to  February  6  no  evidence  of  dengue  fever. 
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APPENDIX  431 

DENGUE   SUSCEPTIBILITY  TEST 

Infectious  material. — February  6,  1930,  bitten  by  seven  A.  segypti  of 
lot  137,  which  had  been  infected  by  feeding  on  A.V.  66-W  December  16, 
1929,  or  fifty-two  days  previously. 

Incubation  period. — February  6  to  afternoon  of  February  11,  five  days. 

Dengue  fever. — Onset  p.  m.,  February  11,  with  fever  (100.8);  leuko- 
cytes 9,150;  chilliness;  generalized  pains  and  aches;  faint  rash.  February 
12  anorexia;  taste  sensations  altered;  face  flushed;  enlarged  left  cervical 
gland;  temperature  102.8;  leukocytes  7,700;  rash  more  suggestive.  Note; 
Fed  four  hundred  three  normal  A.  segypti  designated  lot  166  and  later 
used  for  immunity  test  of  A.V.  20-B.  February  13  definite  maculopapular 
rash;  face  flushed;  headache  and  pain  in  eyes;  leukopenia  began  (4,200); 
temperature  102;  enlargement  of  left  cervical  glands;  nauseated;  food  and 
cigarettes  taste  "disagreeable;"  weak.  February  14  same;  temperature 
102.4;  leukopenia  3,150.  February  15  temperature  102.2;  leukocytes  3,400. 
February  16  feels  better;  temperature  99.6;  last  day  of  leukopenia  6,400. 
February  17,  18,  and  19  feels  normal,  but  rash  and  enlargement  of  right 
and  left  cervical  lymph  nodes  persist.     February  19  discharged. 

Summary. — Infectious  material  seven  A.  segypti  of  lot  137,  which  were 
infected  from  A.V.  66-W  fifty-two  days  previously.  Incubation  period 
five  days.  Fever,  type  intermittent;  duration  five  days;  height  102.8°  F. 
Leukopenia  marked;  low  point  3,150;  duration  four  days;  "V"-type  curve; 
large  vacuolated  monocytes  present  February  16,  17,  18,  19,  following  the 
return  of  the  temperature  to  normal  February  16.  Rash  primary  and 
terminal.    Virus  transferred  to  A.  segypti^  lot  166. 

CONCLUSIONS 

Experiments  1  and  2. — The  negative  results  obtained  in  these  experi- 
ments indicate  that  the  female  A,  segypti  of  lot  146  were  not  infected  by 
feeding  on  males  of  lots  123  and  124,  twenty-two  days  after  the  latter 
had  copulated  with  infective  females  of  lots  112  and  114. 

Susceptibility  test. — The  susceptibility  of  this  volunteer  and  the  in- 
fectivity  of  lot  137  A.  segypti  were  proved. 

Dengue  volunteer  (American)   71. 

Warren,  Charles  O.,  Pvt.  (A.  S.  N.  ^6279113),  "M"  Co.,  31st  Inf., 
Manila;  age  21  years;  white;  total  service  five  months;  tropical  service 
six  days.  Born  in  Texas;  lived  in  Texas  and  Oklahoma.  Arrived  in 
Philippine  Islands  December  28,  1929.  History  of  dengue  negative.  Ad- 
mitted to  experimental  ward  January  4,  1930  (R.  N.  103109).  Previous 
medical  history  smallpox  and  measles.  Physical  examination  and  routine 
laboratory  tests  showed  him  to  be  normal.  Preliminary  observation 
period  nine  days,  January  4  to  13,  1930.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — To  test  for  the  presence  of  dengue  virus  in  culture 
media  inoculated  with  infective  blood.  January  13,  9.30  a.  m,.,  bitten  by 
ninety  A.  segypti  of  lot  142,  ninety-three  of  lot  147,  ninety-eight  of  lot  149, 
eighteen  of  lot  151,  and  one  hundred  two  of  lot  153.  These  mosquitoes 
had  fed  twenty-one  to  thirty  days  previously  on  equal  parts  of  guinea- 
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APPENDIX  438 

pig  blood  and  the  inoculated  media.    January  13  to  27  no  evidence  of 
dengue  fever. 

Experiment  ft, — January  27  refed  the  same  mosquitoes  as  follows: 
Seventy  of  lot  142,  eighty-five  of  147,  seventy-five  of  149,  twelve  of  151, 
and  one  hundred  sixteen  of  153.  January  27  to  February  6  no  evidence 
of  dengue. 

TBST   FOR   SUSCEPTIBILITY   TO   DENGUE 

Infectious  wuterial. — February  6,  1930,  bitten  by  six  A,  segypti  of  lot 
137,  which  were  infected  from  A.V.  66~W  December  16,  1929,  or  fifty- 
two  days  previously. 

Incubation  period, — February  6  to  12,  six  days. 

Dengue  fever, — Onset  during  afternoon  of  February  12  with  chill, 
nausea,  general  but  indefinite  pains;  headache;  pains  in  eyes  and  legs; 
temperature  102.6**  F.  in  p.  m.;  total  leukocyte  count  in  a.  m.  6,950.  Feb- 
ruary 13  same;  face  flushed;  anorexia;  right  cervical  lymph  nodes  en- 
larged; temperature  102.2°  F.;  total  leukocyte  count  5,300.  (Note:  Fed 
three  himdred  seventy-one  normal  A,  xgypti,  designated  lot  167.)  Feb- 
ruary 14  same;  some  coughing,  light  rash,  some  alteration  in  sense  of 
taste,  weak  and  dizzy  on  standing;  temperature  98.8°  F.;  total  leukocytes 
4,050.  February  15  light  maculopapular  rash,  face  flushed,  altered  taste 
sense,  has  vomited  each  meal  during  past  thirty-six  hours;  temperature 
98.6°  F.;  total  leukocytes  3,900.  February  17  pain  in  jaws  on  chewing; 
right  cervical  and  left  inguinal  glands  palpable;  pain  in  head,  eyes,  back, 
wrists,  and  knees;  temperature  99.6°  F.;  total  leukocytes  2,900,  low  point. 
February  18  better;  faint  mottling  of  skin;  hands  itch;  bilateral  cer- 
vical Ijrmph  node  enlargement;  temperature  98.2°  F.;  total  leukocytes 
4,600.  February  19  well;  temperature  normal;  leukocytes  5,100  (total). 
February  20  temperature  normal;  leukocytes  6,700;  discharged. 

Summary, — Infectious  material  six  A,  segypti  of  lot  137,  which  were 
infected  from  A.V.  66-W  fifty-two  days  previously.  Incubation  period 
six  days.  Fever,  type  intermittent  ("saddle");  duration  two  days;  height 
102.6°  F.  Leukopenia  extreme;  low  point  2,900;  duration  seven  days;  "V"- 
type  curve.  Large  vacuolated  monocytes  present  February  16,  17,  18,  19, 
20,  and  21.  Rash  secondary,  terminal.  Virus  continued  through  A,  segypti 
lot  167  to  A.V.  81-F. 

CONCLUSIONS 

Experiments  1  and  2. — Indicate  that  the  virus  of  dengue  was  not  cul- 
tivated in  Locke  egg-serum  medium,  brain  extract,  spleen  broth,  heart- 
miuscle  broth,  and  bone-marrow  broth. 

Susceptibility  test. — Proved  the  susceptibility  of  the  volunteer  and  the 
infectivity  of  lot  137  A,  segypti. 

Dengue  volunteer  (American)  72. 

ESTBS,  Hajiry  N.,  Pvt.  (A.  S.  N.  6641064),  "M''  Co.,  31st  Inf.,  Manila; 
age  21  years;  white;  total  service  three  years  five  months;  tropical 
service  six  days.  Born  in  Kentucky;  lived  in  Kentucky  and  Georgia. 
Arrived  in  Philippine  Islands  December  28,  1929.  History  of  dengue  nega- 
tive. Admitted  to  experimental  ward  January  4,  1930  (R.  N.  103110). 
Physical    examination    and   routine    laboratory   tests    showed    him    to    be 

269452 28 
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normal.     Preliminary   observation  period  six  days,  January  4  to  10.     No 
evidence  of  dengue  fever. 

EXPERIMEINTAL 

Experiment  i. — Concerning  the  possibility  of  the  transfer  of  dengue 
virus  from  mosquito  to  mosquito  by  copulation.  January  13,  9.30  a.  m., 
bitten  by  twenty-six  A.  asgypti  of  lot  125,  forty-nine  of  126,  and  sixty-nine 
of  145.  (See  record  of  the  mosquitoes  under  A.  segypti  lot  numbers.) 
January  13  to  27  no  evidence  of  dengue. 

Experiment  2. — January  27  again  bitten  by  eleven  A,  aegypti  of  lot 
125,  fifty-six  of  126,  and  sixty-five  of  145. 

Incubation  period, — January  27  to  31,  four  days. 

Dengue  fever, — Onset  during  the  afternoon  of  January  31;  gradual 
onset  with  fever,  headache,  and  slight  dizziness;  total  leukocytes  in  a.  m. 
7,050.  February  1  postorbital  pain;  headache;,  cervical  glands  palpable; 
backache;  dizziness;  temperature  102.2  in  p.  m.,  total  leukocyte  count 
7,750  in  a.  m.  (Note:  Normal  A.  asgypti  fed  and  designated  lot  159.) 
February  2  headache;  back,  arms,  and  legs  ache;,  weak  and  dizzy  on 
standing;  pain  in  eyes;  maculopapular  rash  on  back  and  abdomen;  tem- 
perature 103.8;  total  leukocytes  6,800.  February  3  anorexia;  nauseated 
at  times;  general  pains;  right  inguinal  lymph  nodes  enlarged;  temperature 
104;  total  leukocytes  4,150.  February  4  discomfort  on  using  eyes;  back- 
ache; aching  in  joints,  especially  the  jaws;  some  alteration  of  taste  sense; 
no  appetite;  weak;  rash  still  present  but  not  pronounced;  temperature 
100.8;  total  leukocytes  3,100.  February  5  no  change  in  subjective  symp- 
toms; hands  itch  a  little;  terminal  rash  on  hands  and  wrists;  temperature 
normal;  leukocytes  total  4,900.  February  6  gums  swollen,  lower  left; 
inguinal  glands  enlarged;  temperature  98.6;  leukocytes  total  6,100.  Feb- 
ruary 7  normal.  (In  order  to  substantiate  the  diagnosis  this  volunteer 
was  bitten  by  eight  dengue  infected  A,  albopictus  of  lot  128.)  February 
8  to  16,  date  of  discharge,  no  symptoms  or  alteration  of  leukocyte  count 
proving  immunity  and  substantiating  the  diagnosis  of  dengue  caused  by 
lots  125,  126,  and  145. 

Surmnary, — Infectious  material  A.  segypti  of  lots  125,  126,  and  145, 
which  were  infected  by  copulation.  Incubation  period  four  days.  Fever, 
type  continuous;  duration  five  days;  height  104°  F.  Leukopenia,  low  point 
3,100;  duration  four  days;  large  vacuolated  monocytes  present  February 
10,  five  days  after  return  of  temperature  to  normal.  Rash  terminal  and 
primary.  Virus  continued  through  A,  segypti  lot  159,  but  these  were  not 
tested   for   infectivity. 

CONCLUSIONS 

Experiment  1. — Dengue  did  not  follow  the  feeding  of  A,  segypti  that 
had  copulated  with  male  A,  segypti  of  lots  123  and  124,  which  latter  had 
previously  copulated   with   infected   females   of  lots   112   and    114. 

Experiment  2. — Dengue  fever  developed  in  four  days  following  the 
second  feeding  of  lots  125,  126,  and  145,  suggesting  that  in  experiment 
1  the  virus  had  either  not  yet  reached  the  salivary  glands  or  one  or  more 
mosquitoes  feeding  in  experiment  2  had  not  taken  blood  in  experiment  1. 
The  latter  explanation  is  probable,  as  thirty-three  days  plus  had  elapsed 
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between  copulation  and  the  first  feeding  on  this  volunteer.  It  is  to  be 
noted,  however,  that  dengue  fever  did  not  follow  the  feeding  on  susceptible 
volunteers  A.V.  78-0  and  77-E,  of  a  small  number  of  the  mosquitoes 
remaining  in  lots  125,  126,  and  145  February  3  and  8.  (See  records 
of  these  lots.)  The  proving  of  the  immunity  of  this  volunteer  very 
soon  after  his  dengue  fever,  February  7,  10,  one  hundred  twenty-eight 
A.  alhopictus  confirmed  the  diagnosis  of  dengue  fever. 

Dengue  volunteer  (American)  73. 

Abbot,  Charles,  Pvt.  (S.  N.  R.  1555545),  'T'  Co.,  31st  Inf.,  Manila;  age 
27  years;  white;  total  service  seven  years  three  months;  tropical  service 
six  days.  Born  in  Kentucky;  lived 
in  New  York,  New  Jersey,  and 
overseas.  Arrived  in  Philippine 
Islands  December  28,  1929.  His- 
tory of  dengue  negative.  Admit- 
ted to  experimental  ward  January 
4,  1930  (R.  N.  103111).  Previous 
medical  history  measles  and  in- 
fluenza. Physical  examination  and 
routine  laboratory  tests  showed 
him  to  be  normal.  Preliminary 
observation  period  evidence  of  den- 
gue fever.  Dengue  fever  developed 
during  the  observation  period. 

Symptoms, — Onset  during  af- 
ternoon of  January  10,  1930,  with 
fever;  headache;  pain  in  eyes, 
arms,  back,  and  legs;  total  leuko- 
cyte count  6,750  in  a.  m.  January 
11  weak  and  dizzy  on  standing; 
anorexia;  temperature  102;  total 
leukocytes  8,840.  January  12  face 
flushed;  general  pains,  especially  in 
head  and  back;,  some  alteration  of 
sense  of  taste;  temperature  102. 
January  13  headache;  eye  pains; 
general  indefinite  body  pains ;  arms 
"go  to  sleep,*'  maculopapular  rash 
present;  nausea  after  eating;  tem- 
perature 102.4;  total  leukocytes 
3,100.  January  14  some  better; 
temperature  101  in  a.  m.  but  nor- 
mal in  p.  m.;  total  leukocytes  low,  2,800.  January  15  rash  more  pronounced; 
weak;  temperature  normal;  total  leukocytes  4,100.  January  16  temper- 
ature normal;  leukocytes  5,400;  pains  in  shoulder  and  sacro-iliac  joints; 
temperature  normal;  total  leukocytes  7,500;  rash  faded.  January  18  dis- 
charged. 

Summary, — Infectious  material  source  unknown ;  dengue  developed  durini: 
observation  period.  Incubation  period  (?)  days.  Fever,  type  continuous; 
duration    four    days;    height    102.4.     Leukopenia    extreme;    duration    five 


Fig.  134.     Experimental  dengrue  in  American 
volunteer  73. 
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days;  large  vacuolated  monocytes  present  January  15,  16,  and  17.     Rash 
terminal.     Virus  not  continued. 

CONCLUSION 

Dengue  fever  developed  during  observation  period.  As  dengue  fever 
was  very  prevalent  in  this  man's  company  it  is  probable  that  it  was  ac- 
quired prior  to  admission  to  hospital. 

Dengue  volunteer  (American)  74. 

Lehman,  Louis,  Pvt.  (A.  S.  N.  6079249),  "L"  Co.,  31st  Inf.,  Manila; 
age  24  years;  white;  total  service  six  years;  tropical  service  six  days. 
Born  in  New  York;  lived  in  New  York  and  Virginia  (Camp  Humphreys). 
Arrived  in  Philippine  Islands  December  28,  1929.  History  of  dengue 
negative.  Admitted  to  experimental  ward  January  4,  1930  (R.  N.  103112). 
Physical  examination  and  routine  laboratory  tests  showed  him  to  be  normal. 
Preliminary  observation  period  ten  days,  January  4  to  14,  1930.  No 
evidence  of  dengue  fever. 

experimental 

Experiment  1. — Concerning  the  possibility  of  the  transfer  of  dengue 
virus  from  mosquito  to  mosquito  by  food  and  water.  January  14,  1930, 
9  a.  m.,  bitten  by  sixteen  A.  asgypti  of  lot  121  and  six  of  lot  122  at  1  p.  m. 
(For  a  period  of  sixteen  days  the  mosquitoes  of  these  lot  numbers  had 
been  fed  daily  on  sugar  solution  and  banana  which  tWenty-four  hours 
previously  had  been  in  the  cages  of  infected  A,  xgypti  of  lot  101  and 
after  a  time  interval  of  fifty-seven  days  from  the  beginning  of  the  switch- 
ing of  the  foods  the  mosquitoes  of  lots  121  and  122  fed  on  this  volunteer.) 
Note:  Forty  and  forty-seven  days  previous  to  feeding  on  Lehman,  these 
mosquitoes  had  fed  on  A.V.  59-W.  January  14  to  27,  no  evidence  of 
dengue. 

DENGUE    susceptibility   TEST 

Infectious  material, — January  27  bitten  by  forty-six  A.  segypti  of  lot 
135,  which  were  infected  from  A.V.  61-J  December  13,  or  seventeen  days 
previously. 

Incubation  period, — January  27  to  afternoon  of  February  1,  five  and 
one-half  days. 

Dengue  fever, — Onset  February  1,  during  afternoon,  with  slight  eleva- 
tion of  temperature,  chilliness,  headache,  and  backache;  leukocyte  total 
8,350.  February  2  suggestion  of  rash  on  back;  dizzy;  head,  eyes,  back, 
arms,  and  legs  ache;  taste  sense  abnormal.  Note:  Two  hundred  eighteen 
normal  A,  xgypti  fed  on  Lehman  and  designated  lot  164.  Dizzy  on  stand- 
ing; temperature-  100.8;  total  leukocyte  count  6,200.  Februaiy  3  right 
inguinal  glands  enlarged;  rash  more  pronounced;  temperature  100.6; 
leukocyte  count  4,300.  February  4  fiushed;  rash  distinct;  feels  uncom- 
fortable; aching  between  shoulders  and  in  the  joints  of  legs  and  arms; 
dizzy;  temperature  102;  leukocyte  total  3,100.  February  5  head,  eyes, 
and  back  ache;  maculopapular  rash;  weak  and  dizzy;  nausea  and  vomit- 
ing; inguinal  glands  enlarged;  temperature  100.8;  total  leukocyte  count 
5,150.  February  6  some  headache;  postorbital  pain;  taste  sense  now 
normal;    maculopapular  rash;  temperature  now  normal;    leukocyte   count 
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4,700.  February  7  weakness  only;  rash  fading;  some  lymph-node  en- 
largement in  inguinal  and  cervical  regions;  temperature  normal;  total 
leukocyte  count  5,150.  February  8  rash  faint;  leukocyte  count  normal, 
6,900;  discharged. 

Summary. — Infectious  material  forty-six  A.  segypti  of  lot  135,  which 
were  infected  from  A.V.  61-J  December  13,  or  seventeen  days  previously. 
Incubation  period  five  and  one-half  days.  Fever,  type  continuous;  dura- 
tion three  and  one-half  days;  height  102.4°  F.  Leukopenia  marked;  low 
point  3,100;  duration  six  days;  **V"-type  curve;  large  vacuolated  mono- 
cytes present  February  7,  two  days  following  the  return  of  temperature 
to  normal.  Rash  primary  and  secondary  (terminal).  Virus  transferred 
through  A.  ssgypti  lot  164  to  A.V.  85-T. 

CONCLUSIONS 

Experiment  1. — The  virus  of  dengue  was  probably  not  transferred  from 
mosquito  to  mosquito  through  food  and  water  that  were  used  by  both 
dengue-infected  and  normal  A.  segypti. 

Susceptibility  test, — Proved  the  susceptibility  of  the  volunteer  and  the 
Infectivity  of  lot  135  A,  tegypti. 

Dengue  volunteer  (American)   75. 

PiCARD,  RiCHAKD  D.,  Pvt.  (A.  S.  N.  6783159),  66th  Serv.  Sqdn.,  A.  C, 
Camp  Nichols;  age  24  years;  white;  total  service  two  years  nine  months; 
tropical  service  sixteen  days.  Born  in  Massachusetts;  lived  in  New  York 
and  Massachusetts,  forty-eight  hours  in  Savannah.  Arrived  in  Philippine 
Islands  December  28,  1929.  History  of  dengue  negative.  Admitted  to 
experimental  ward  January  13,  1930  (R.  N.  103200).  Physical  examina- 
tion and  routine  laboratory  tests  showed  him  to  be  normal.  Preliminary 
observation  period  nine  days,  January  13  to  22,  1930.  No  evidence  of 
dengue  fever, 

EXPERIMENTAL 

Experiment  1, — To  test  for  the  presence  of  dengue  virus  in  C.  quinque- 
fasciatus  fourteen  days  following  the  feeding  of  these  mosquitoes  on  an 
experimental  case  of  dengue  fever  (A.V.  60-8)  December  4,  1929,  during 
the  first  day  of  the  disease.  January  22,  1^0,  bitten  by  sixty-three  A, 
a^gypti  of  lot  144,  which  thirty-five  days  previously  (December  18,  1929) 
had  fed  on  a  suspension  of  thirty-eight  macerated  C.  quinque fasciatus 
of  lot  133  in  2.5  cubic  centimeters  of  normal  human  blood.  January  22 
to  February  3  no  evidence  of  dengue  fever. 

TEST    FOR    SUSCEPTIBILITY    TO    DBNGUB 

Infectious  material — February  3  bitten  by  sixty  A.  aegypti  of  lot  138, 
which  forty-seven  days  previously  (December  17,  1929)  were  infected  by 
feeding  on   A.V.   64-C. 

Incubation  period, — February  3  to  noon  February  8,  five  days. 

Dengue  fever, — Onset  during  afternoon  of  February  8;  fever  100.6  in 
p.  m.;  maculopapular  rash;  total  leukocyte  count  in  a.  m.  7,600.  Feb- 
ruary 9  dizziness  on  standing;  anorexia;  face  flushed  and  eyes  injected; 
headache;  pains  in  back,  arms,  and  joints;  general  pains;  joints  stiff; 
left  cervical  lymph  node  enlargement;  temperature  102.6;  total  leukocytes 
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5,800.  February  10  sense  of  taste  abnormal  (food  and  cigarettes) ;  no 
other  change  in  subjective  symptoms;  temperature  101.4;  total  leukocytes 
4,200.  February  11  temperature  101.6;  total  leukocytes  3,600;  rash  still 
apparent.  February  12  temperature  103.8;  leukocytes  3,050;  nauseated 
on  standing.  February  13  general  pains;  rash  faint;  weak;  temperature 
101;  leukocytes  2,150.  February  14  rash  faint;  left  cervical  glands  pal- 
pable; temperature  normal;,  total  leukocytes  3,900.  February  15  normal; 
faint  rash;  slight  leukopenia  (5,400).  February  16  normal.  February 
17  discharged. 

Sumimary. — Infectious  material  sixty  A.  aegypti  of  lot  138,  which  were 
infected  from  A.V.  64-C  December  17,  1929,  or  forty-seven  days  previously. 
Incubation  period  five  days.  Fever,  type  continuous;  duration  five  and  one- 
half  days;  height  103.8°  F.  Leukopenia,  duration  seven  days;  low  point 
2,150;  "V"-type  curve;  large  vacuolated  monocytes  present  February 
13,  14,  15,  day  before,  day  of,  and  day  following  return  of  temperature 
to  normal.     Rash   primary.     Virus   was   not  transferred   from   Picard. 

CONCLUSIONS 

Eooperiment  1, — It  is  probable  that  the  virus  of  dengue  does  not  survive 
in  C  quinquefasciatzis  for  a  period  of  fourteen  days  following  their  inges- 
tion of  infected  blood.  However,  it  is  to  be  noted  that  several  attempts 
to  transmit  dengue  virus  from  known  infected  to  normal  mosquitoes 
by  the  technic  used  in  this  experiment  have  also  failed. 

Sitsceptibility  test. — Proved  the  susceptibility  of  the  volunteer  and  the 
infectivity  of  lot  138  A.  asgypti. 

TEST  FOR    IMMUNITY  TWO   MONTHS  LATER 

April  16,  or  more  than  two  months  after  infection,  A.V.  75-Picard 
was  bitten  by  seven  A,  segypti  of  lot  190,  which  twenty-three  days  pre- 
viously had  fed  on  A.V.  87-R  during  the  first  day  of  dengue  fever, 
Picard  had  not  been  sick  during  the  intervening  period.  Since  dengue 
did  not  occur  it  may  be  concluded  that  Picard  was  immunized  by  the 
experimental  attack  in  February,  1930,  and  that  this  immunity  protected 
him  for  more  than  two  months.  The  infectivity  of  lot  190  was  proved 
subsequently  by  the  transmission  of  dengue  from  this  lot  to  A.V.   95-D. 

Dengue  volunteer  (American)  76. 

Myers,  Edwin  J.,  Pvt.  (A.  S.  N.  6090369),  66th  Serv.  Sqdn.,  A.  C,  Camp 
Nichols;  age  27  years;  white;  total  service  four  years;  tropical  service 
sixteen  days.  Born  in  Pennsylvania;  lived  in  Pennsylvania,  South  Caro- 
lina, and  Virginia.  Arrived  in  Philippine  Islands  December  28,  1929.  His- 
tory of  dengue  negative.  Admitted  to  experimental  ward  January  13, 
1930  (R.  N.  103197).  Physical  examination  and  routine  laboratory  tests 
showed  him  to  be  normal.  Preliminary  observation  period  nine  days, 
January  13  to  22,  1930.     No  evidence  of  dengue  fever. 

experimental 

Experiment  1, — Concerning  the  possibility  of  infecting  A.  segypti  by 
contaminating  the  water  of  the  larval  stage  with  dengue  virus.  Jan- 
uary 22,  1930,  bitten  by  one  hundred  ten  A,  segypti  of  lot  127  (see  record 
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of  this  lot  under  A.  segypti  table).     January  22  to  February  1,  no  evi- 
dence of  dengue  fever. 

TEST    FOR    SUSCEPTIBILITY    TO    DENGUE 

Infectious  material. — February  1  bitten  by  sixty-one  A.  segypti  of  lot 
137,  which  were  infected  from  A.V.  66-W  December  16,  1929,  forty-six 
days  previously. 

Incubation  period. — February   1   to   7   at  noon,   six   days. 

Dengue  fever. — Onset  at  noon  February  7,  with  fever,  dizziness,  head- 
ache, eye  pains,  stiffness  of  neck,  and  cervical  lymph  node  enlargement; 
total  leukocytes  7,050.  February  8  no  change  in  subjective  symptoms; 
temperature  99.6  in  p.  m.;  leukocytes  total  7,050.  Note:  Three  hundred 
ninety-three  normal  A.  segypti  fed,  designated  lot  165.  February  9  head- 
ache; eye  pains;  aches  in  back  and  extremities;  joints  stiff  and  sore; 
cervical  lymph  glands  palpable;  anorexia;  temperature  100.8;  total  leuko- 
cyte count  6,100.  February  10  face  flushed  and  eyes  injected;  general 
pains  and  aches;  anorexia;  dizziness  and  weakness  on  standing;  nausea 
and  vomiting;  light  rash  apparent.  February  11  very  slight  rash;  aching 
in  back,  headache,  and  eye  pains  not  quite  as  pronounced;  lymph  node 
enlargement  receding;  appetite  better;  total  leukocyte  count  4,150.  Feb- 
ruary 12  rash  fading;  feels  better;  temperature  98.6;  total  leukocytes 
4,250.  February  13  normal.  February  14  leukopenia  persists,  4,150.  Feb- 
ruary 15  leukocytes  6,100.  February  16  leukocytes  7,200.  February  17, 
normal.     Discharged. 

Summary. — Infectious  material  six  A.  segypti  of  lot  137,  which  were 
infected  from  A.V.  66-W  December  16,  1929,  or  forty-six  days  previously. 
Incubation  period  six  days.  Fever,  type  continuous;  duration  three  and 
one-half  days;  height  101.2°  F.  Leukopenia  marked;  low  point  3,300; 
duration  seven  days;  '*V"-type  curve;  large  vacuolated  monocytes  pres- 
ent February  12,  13,  14,  and  15,  following  return  of  temperature  to 
normal  February  11.  Rash  secondary.  Virus  transferred  by  A.  segypti 
lot  165  to  A.V.  86-B. 

CONCLUSIONS 

Experiment  1. — The  virus  of  dengue  was  not  transferred  to  the  imago 
of  A.  pegypti  by  contaminating  the  water  in  which  the  larval  stage  was 
passed,  with  dengue  virus. 

Experiment  2. — Proved  the  susceptibility  of  the  volunteer  and  the  in- 
fectivity  of  lot  137  A.  segypti. 

TEST   FOR  IMMUNITY   TWO  MONTHS  LATER 

April  16,  1930,  or  more  than  two  months  afteir  A.V.  76-Meyers's  in- 
fection, he  was  bitten  by  six  A.  segypti  of  lot  190,  which  twenty -three  days 
previously  had  fed  on  A.V.  87-R  during  the  first  day  of  dengue  fever. 
Meyers  had  not  been  sick  in  the  intervening  period.  Since  dengue  did 
not  occur  it  may  be  concluded  that  Meyers  was  immunized  by  the  ex- 
perimental attack  in  February,  1930,  and  that  this  immunity  protected 
him  for  more  than  two  months.  The  infectivity  of  lot  190  was  proved 
subsequently  by  the  transmission  of  dengue  from  this  lot  to  A.V.  95-D. 
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Dengue  volunteer  (American)  77. 

Egede,  Oscar,  Pvt.  (A.  S.  N.  6677834),  28th  Bomb.  Sqdn.,  A.  C,  Camp 
Nichols;  age  27  years;  white;  total  service  six  years;  tropical  service 
Philippine  Islands,  1924,  1926,  1927,  1929  (twenty  days).  Born  in  Nor- 
way; lived  in  New  York,  California,  Philippine  Islands,  and  Argentine, 
Arrived  in  Philippine  Islands,  December  28,  1929.  History  of  dengue  ne- 
gative. Admitted  to  experimental  ward  January  16,  1930  (R.  N.  103243). 
Physical  examination  and  routine  laboratory  tests  showed  him  to  be  normal. 
Preliminary  observation  period  eight  days,  January  16  to  24.  No  evidence 
of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — Concerning  "cultivation'^  of  dengue  virus.  December 
4,  1929,  0.1  cubic  centimeter  of  whole  blood  from  A.V.  62-H  was  inoculated 
into  6  cubic  centimeters  of  equal  parts  of  hydrocele  fluid  and  veal-infusion 
broth.  Transfers  of  0.1  cubic  centimeter  were  made,  December  5,  7,  9, 
11,  13,  and  15.  December  17,  5  cubic  centimeters  of  normal  guinea-pig 
blood  was  added  to  5  cubic  centimeters  of  the  December  15  medium  fed 
to  normal  A,  segypti  and  designated  lot  140.  January  24,  1930,  or  thirty- 
eight  days  later,  thirty-four  of  lot  140  fed  on  this  volunteer.  January 
24  to  February  8  no  evidence  of  dengue. 

Experiment  2. — Concerning  the  transfer  of  dengue  virus  by  copula- 
tion (see  table  of  A,  aegypti  and  protocols  of  A.V.  72-E  and  A.V.  78-0). 
February  8,  1930,  bitten  by  five  A.  aegypti  of  lot  125,  thirty-one  of  lot 
126,  and  thirty-one  of  lot  145.  Mosquitoes  of  lot  145  had  copulated  with 
male  A.  aegypti  of  lots  123  and  124,  December  19,  1929,  lot  125  had  copulated 
with  lot  123  between  December  2  and  11  and  lot  126  with  124.  December 
3  lot  123  had  copulated  with  infected  lot  112  between  November  29 
and  December  2  and  lot  124  with  114  between  November  27  and  December 
3.  The  interval  of  time  between  the  copulation  of  the  males  (lots  123 
and  124)  with  the  infected  lots  112  and  114  and  the  normal  A.  aegypti 
was,  therefore,  in  the  case  of  lot  145  between  sixteen  and  twenty-two  days; 
in  the  case  of  lot  125  sometime  between  the  same  and  the  eleventh  days; 
and  in  the  case  of  lot  126  sometime  between  the  same  and  the  sixth  days. 
February  8  to  17  no  evidence  of  dengue  fever. 

DENGUE   SUSCEPTIBILITY    TEST 

Infectious  material. — February  17,  1930,  10  a.  m.,  bitten  by  eighty- 
seven  A.  aegypti  of  lot  162,  which  werei  infected  by  feeding  on  A.V.  67-M 
February  2,  or  fifteen  days  previously. 

Incubation  period. — February  17,  10  a.  m.,  to  February  ^1  during  the 
night,  four  and  one-half  days,  although  he  complained  of  pain  in  his 
eyes  on  the  night  of  February  20  and  at  7  p.  m.  his  temperature  was 
100. 

Dengue  fever. — Onset  with  chill,  night  of  February  21;  constipated; 
bilateral  enlargement  of  cervical  and  inguinal  lymph  nodes;  temperature 
99.4.  February  22  eyes  pain  when  used;  headache;  backache;  jaw  ache; 
anorexia;  nausea;  taste  sense  abnormal;  dizziness;  weakness  (fainted); 
no  rash;  inguinal  and  cervical  glands  palpable;  temperature  101.2  in 
p.  m.;  leukocyte  count,  8,200.     February  23  chills  last  night;  generalized 
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aching;  fainted;  slight  maculopapular  rash;  backache;  pains  in  neck  and 
head;  temperature  100;  total  leukocyte  count  3,400.  February  24  slight 
headache;  temperature  99.4;  total  leukocytes  3,150.  February  25  no 
complaint;  rash  as  noted  before;  temperature  100.6;  total  leukocytes 
2,750.  February  26  return  of  all  symptoms  (relapse) ;  face  flushed; 
eyes  pain  when  used;  headache,  backache;  anorexia;  painful  micturi- 
tion; cervical  and  inguinal  lymph  glands  palpable;  maculopapular  rash,  on 
wrists  especially;  taste  sense  abnormal;  temperature  102  at  noon;  total 
leukocyte  count  1,750  (low  point).  February  28  leukopenia  (3,950),  but 
feels  well.  March  1  total  leukocytes  5,100.  March  2  normal.  March 
3  discharged. 

Summary. — Infectious  material  eighty-seven  A,  ssgypti  of  lot  162,  which 
were  infected  from  A.V.  67-M  February  2,  or  fifteen  days  previously. 
Incubation  period  four  and  one-half  days.  Fever,  type  intermittent 
"saddle;"  duration  six  and  one-half  days;  height  102°  F.  Leukopenia 
extreme;  low  point  1,750;  duration  seven  days;  "V"-type  curve;  large 
vacuolated  monocytes  present  February  26,  27,  28,  and  March  2;  tem- 
perature returned  to  normal  February  26,  p.  m.  Rash  primary  and 
secondary.     Virus  not  continued. 

CONCLUSIONS 

Experiment  1. — The  attempt  to  cultivate  the  virus  of  dengue  in  equal 
parts  of  hydrocele  fluid  and  veal-infusion  broth  was  not  successful. 

Experiment  2. — The  virus  of  dengue  was  not  transferred  from  mosquito 
to  mosquito  by  copulation. 

Susceptibility  test. — Proved  the  susceptibility  of  the  volunteer  and  the 
infectivity  of  lot  162  ^.  a&gypti. 

TEST    FOR    IMMUNITY    TWO    MONTHS    LATER 

April  23,  1930,  or  two  months  after  infection,  A.V.  77-Egede  was 
bitten  by  eleven  A.  segypti  of  lot  195,  which  twenty-one  days  previously 
had  fed  on  A.V.  85-T  during  the  first  day  of  dengue  fever.  Egede  had 
not  been  sick  in  the  intervening  period.  Since  dengue  did  not  occur  it 
may  be  concluded  that  this  man  was  immunized  by  the  experimental  attack 
in  February,  1930,  and  that  this  immunity  protected  him  for  more  than 
two  months.  The  infectivity  of  lot  195  was  proved  subsequently  by 
transmission  of  dengue  fever  by  this  lot  to  A.V.  96-H. 

Dengue  volunteer  (American)  78. 

Olsen,  Kristian,  Pvt.  (A.  S.  N.  6678526),  28th  Bomb.  Sqdn.,  A.C.,  Camp 
Nichols;  age  28  years;  white;  total  service  six  years;  tropical  service 
twenty  days.  Born  in  Norway;  lived  in  New  York  and  Illinois.  Arrived 
in  Philippine  Islands  December  28,  1929.  History  of  dengue  negative. 
Admitted  to  experimental  ward  January  16,  1930  (R.  N.  103244).  Phys- 
ical examination  and  routine  laboratory  tests  showed  him  to  be  normal. 
Preliminary  observation  period  eight  days,  January  16  to  24.  No  evidence 
of  dengue. 

EXPERIMENTAL 

Experiment  1. — Cultivation  experiment,  using  hydrocele  fluid  with  equal 
parts  of  beef -infusion  broth  covered  with   a   layer  of  paraffin  oil.     (See 
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sAso  protocol  A.V.  77-E  in  which  the  same  technic  was  followed  in  ob- 
taining lot  151  A.  3sgypti.)  January  24  bitten  by  twenty-one  A.  asgypti 
of  lot  141  at  10  a.  m.  January  24  to  February  3  no  evidence  of  dengue. 
Experiment  2, — Concerning  the  possibility  of  the  transfer  of  dengue 
virus  from  mosquito  to  mosquito  by  copulation.  (See  protocol  of  A.V. 
77-E  for  origin  of  lots  used  in  this  test.)  February  3,  1930,  fed  two 
A,  segypti  of  lot  125,  twenty-nine  of  lot  126,  and  twenty-seven  of  lot 
145  at  9.30  a.  m.     February  3  to  12  no  evidence  of  dengue. 

DENGUE    SUSCEPTIBILITY   TBST 

Infectious  material. — February  12  bitten  by  twenty-six  A.  xgypti  of 
lot  138,  which  were  infected  from  A.V.  64-C  December  17,  or  fifty-seven 
days  previously. 

Incubation  period. — February  12  to  16,  p.  m.,  four  and  one-fourth  days. 

Dengue  fever. — Onset  afternoon  of  February  16  with  chills,  fever,  head- 
ache, and  pain  in  eyes;,  face  flushed  but  no  rash;  temperature  100.2; 
total  leukocyte  count  8,100.  February  17  faint  mottling  of  skin;  chill 
during  morning;  aching  shoulders,  head,  and  eyes;  anorexia;  slight 
enlargement  of  cervical  lymph  nodes,  temperature  100.2;  total  leukocjrte 
count  6,550.  Note:  Fed  three  hundred  eighty-eight  normal  A.  segypti, 
designated  lot  168  and  later  used  to  transmit  dengue  to  A.V.  83-R.  Blood 
drawn  and  used  in  preparation  of  an  "antigen.'*  February  18  no  complaint; 
temperature  99;  total  leukocyte  count  5,850.  February  19  no  complaint; 
temperature  98.2;  total  leukocyte  count  6,150.  February  20  maculo- 
papular  rash  pronounced  on  hands  and  wrists;  face  flushed  and  eyes  in- 
jected; return  of  all  symptoms;  temperature  103.8;  total  leukocytes  5,050. 
February  21  symptoms  increased  in  severity;  nausea  and  dizziness;  tem- 
perature 100.8;  total  leukocytes  3,050  (low  point).  February  22  feels 
well  except  for  weakness  and  constipation;  terminal  maculopapulaa:  rash 
on  wrists;  temperature  normal;  leukopenia  3,150.  February  23  rash  as 
before;  temperature  normal;  total  leukocyte  count  6,150.  February  24 
leukocyte  count  6,300.     February  25  to  28  normal. 

Summary. — Infectious  material  twenty-six  A.  aegypti  of  lot  138,  which 
were  infected  from  A.V.  64-C  December  17,  1929,  or  fifty-seven  days  pre- 
viously. Incubation  period  four  and  one-half  days.  Fever,  type  intermit- 
tent; "saddle;'*  duration  five  days;  height  103.8°  F.  Leukopenia  marked 
low  point  3,050;  duration  seven  days;  "V-type  curve;  large  vacuolated 
monocytes  present  February  21,  22,  23,  25,  the  day  of,  and  the  day  following 
the  return  of  temperature  to  normal  February  21.  Rash  primary  and 
secondary  (terminal).  Virus  continued  through  A.  aegypti  lot  168  to  A.V. 
83-R. 

CONCLUSIONS 

Experiment  1. — The  virus  of  dengue  was  not  cultivated  in  a  medium 
consisting  of  equal  parts  of  hydrocele  fluid  and  beef-infusion  broth. 

Experiment  2. — The  A.  aegypti  of  lots  125,  126,  and  145  used  on  this 
man  failed  to  cause  dengue. 

Experiment  3. — Proved  the  susceptibility  of  the  volunteer  and  the  in- 
fectivity  of  lot  138  A.  aegypti. 
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Dengue  volunteer  (American)  79. 

Huff,  Claude,  Pvt.  (A.  S.  N.  6542341),  "I"  Co.,  31st  Inf.,  Manila; 
age  22  years;  white;  total  service  five  months;  tropical  service  five  weeks. 
Born   and   lived   in   Minnesota.     Arrived  in  Philippine   Islands   December, 

1929.  History  of  dengue  negative.  Admitted  to  experimental  ward  Feb- 
ruary 7,  1930  (R.  N.  103442).  Previous  medical  history  measles.  Phys- 
ical examination  and  routine  laboratory  tests  showed  him  to  be  normal. 
Preliminary  observation  period  eight  days,  February  7  to  15.  No  evi- 
dence of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — February  15,  10  a.  m.,  bitten  by  twelve  A,  segypti  of 
lot  155,  which  had  fed  on  equal  parts  of  bone-marrow  medium  (used  in 
cultivation  experiments)  and  normal  guinea-pig  blood  January  13,  1930. 
February  15  to  24  no  symptoms  of  dengue. 

TEST  FOR   SUSCEPTIBILITY  TO   DENGUE 

Infectious  material. — February  24  bitten  by  one  hundred  eighteen  A» 
albopictus  of  lot  160,  which  were  infected  from   A.V.   69-K  February  2, 

1930,  twenty-two  days  previously. 

Incubation  period. — February  24  to  afternoon  of  March  1,  five  days. 

Dengue  fever. — Onset  afternoon  of  March  1  with  nausea,  vomiting,  and 
fever;  leukocjrte  total  8,350.  March  2  face  flushed;  maculopapular  rash 
on  back,  chest,  and  abdomen;  dizziness  on  standing,  but  does  not  complain 
of  pains  or  aches;  temperature  103.6;  leukocyte  total  8,650.  March  3 
headache;  pains  in  eyes;  maxillas  pain  on  chewing;  back,  chest,  and  joint 
pains;  nausea;  vomiting;  dizziness;  weak;  inclined  to  faint;  taste  sense 
abnormal;  slight  maculopapular  rash;  some  glandular  enlargement  in 
right  cervical  region;  temperature  101;  leukocyte  total  8,050,  March  4 
vomited;  taste  sense  abnormal;  light  maculopapular  rash;  chills;  tem- 
perature 100;  total  leukocytes  7,200.  March  5  chilly  sensations;  rash 
distinct;  "itching"  palms;  constipated;  loss  of  appetite;  nausea;  aches  and 
pains  in  eyes,  back,  legs,  arms,  and  joints;  dizziness  and  weakness;  tem- 
perature 100;  leukocytes  6,600.  March  6  rash;  temperature  99.6;  leukocyte 
total  8,200.  March  7  temperature  99.6;  leukocytes  8,450.  March  8  furun- 
culosis  of  neck.     March  9  furunculosis  of  neck.     March  11  discharged. 

Summary. — Infectious  material  one  hundred  eighteen  A.  albopictus  of 
lot  180,  which  were  infected  from  A.V.  69-K  February  2,  1930,  or  twenty- 
two  days  previously.  Incubation  period  five  and  one-half  days.  Fever, 
type  continuous;  duration  five  days;  height  103.6°  F.  Leukopenia  none; 
furunculosis  at  same  time;  large  vacuolated  monocytes  present  March  4, 
5,  and  6.  Rash  primary  and  continuous.  Virus  transferred  from  A» 
mgypti  lot  173  to  A.V.  59-W. 

CONCLUSIONS 

Experiment  1. — The  virus  of  dengue  was  probably  not  cultivated  in  the 
bone-marrow  medium  by  the  technic  employed.  The  infectious  material 
proved  the  susceptibility  of  the  volunteer  and  the  infectivity  of  lot  160 
A.  albopictus. 
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Dengue  volunteer  (American)  80. 

Lamb,  Francis  H,  Pvt.  (A.  S.  N.  6542810),  'T'  Co,  31st  Inf,  Manila; 
age  18  years ;  white ;  total  service  two  months ;  tropical  service  about 
five  weeks.  Born  in  Oregon;  lived  in  Oregon  and  California.  Arrived  in 
Philippine  Islands  December,  1929.  History  of  dengue  negative.  Admitted 
to  experimental  ward  February  7,  1930  (R.  N.  103443).  Physical  examina- 
tion and  routine  laboratory  tests  showed  him  to  be  normal.  Preliminary 
observation  period  eight  days,  February  7  to  15.  No  evidence  of  dengue 
fever. 


Fig.   140.     Experimental  dengue  in  American  volunteer  79. 


EXPERIMENTAL 

Infectious  material— Fehruary  15  bitten  by  seventy-three  A.  3egypti  of 
lot  156.  These  mosquitoes  represented  five  lots  which  were  combined  after 
they  had  fed  on  M,  philippinensis  30  (Sagada  A),  January  20,  21,  22,  23, 
and  24,  or  four,  five,  six,  seven,  and  eight  days  after  the  monkey  had  been 
bitten  by  thirty-two  A,  albopictus  of  lot  128. 

Incubation  period. — February  15  to  noon  February  21,  six  days. 
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Dengue  fever. — Onset  noon  February  21,  with  chilliness,  fever,  and 
generalized  aching;  temperature  101.8;  leukocytes  8,100  in  a.  m.  Note: 
Between  6.30  and  7.30  p.  m.  twenty-six  normal  C.  quinquefasciatus  took 
partial  feedings,  were  designated  lot  170,  and  immediately  fed  on  A.V. 
82-F.  February  22  anorexia,  nausea,  headache,  and  generalized  aching; 
temperature  101.6  in  a.  m.;  total  leukocytes  6,900.  Note:  At  10  a.  m. 
one  hundred  thirty  normal  A.  £cgypti  fed  on  A.V.  80-L,  were  designated 
lot  171,  and  used  later  to  transmit  dengue  to  A.V.  89-S.  February  23 
slight  headache ;  temperature  99.8  in  p.  m. ;  leukocyte  total  4,800.  February 
24  headache  increased  in  severity;  temperature  102  in  p.  m.;  total  leuko- 
cytes 3,900;  bilateral  cervical  lymph  nodes  enlarged.  February  25  general- 
ized aching;  anorexia;  sense  of  taste  abnormal;  face  flushed;  maculo- 
papular  rash;  temperature  102;  total  leukocyte  count  3,450  (low  point). 
February  26  symptoms  have  subsided;  temperature  normal,  but  leuko- 
penia persists;  cervical  lymph  nodes  enlarged.  February  27  normal;  no 
leukopenia;  some  mottling  of  the  skin.  February  28  normal.  March  1 
normal.     March    2    normal.     March    3    discharged. 

Summary. — Infectious  material  seventy-three  A.  segypti  of  lot  156,  which 
were  infected  from  M.  philippinensis  30  (Sagada  A)   twenty-one,  twenty- 
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Fig.  141.     Experimental  dengue  in  American  volunteer  80. 
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two,  twenty-three,  twenty-four,  and  twenty-five  days  previously.  Incu- 
bation period  six  days.  Fever,  type  intermittent  (saddle) ;  duration  four 
and  one-half  days;  height  102°  F.  Leukopenia  marked;  low  point 
3,450;  duration  four  days;  "V-type  curve.  Large  vacuolated  monocytes 
present  February  27,  28,  the  second  and  third  days  following  the  return 
of  temperature  to  normal.  Rash  primary.  Virus  transmitted  through 
A.  segypti  lot  171  to  A.V.  89-S. 

CONCLUSION 

Philippine  monkey  30  (M.  philippinensis,  Sagada  A)  was  proved  sus- 
ceptible to  dengue. 

Dengue  volunteer  (American)  81. 

GouLET,  Alexander,  Pvt.  (A.  S.  N.  6114787),  "M"  Co.,  31st  Inf.,  Manila; 
age  27  years;  white;  total  service  .three  and  one-half  years;  tropical  serv- 
ice, Panama,  1922-25,  Philippine  Islands  five  weeks.  Bom  in  New  York; 
lived  in  New  York,  Illinois,  and  Pennsylvania.  Arrived  in  Philippine  Is- 
lands December,  1929.  History  of  dengue  negative.  Admitted  to  experi- 
mental ward  February  8,  1930  (R.  N.  103451).  Previous  medical  history 
malaria  in  Panama.  Physical  examination  and  routine  laboratory  tests 
showed  him  to  be  normal.  Preliminary  observation  period  seven  days, 
February  8  to  15,  1930.     No  evidence  of  dengue. 

EXPE21IMENTAL 

Infectious  material. — February  15,  1930,  10.30  a.  m.,  bitten  by  eighty- 
seven  A.  segypti  of  lot  157.  These  mosquitoes  represent  five  lots,  which 
had  fed  on  a  Philippine  monkey,  M.  philippinensis  31  (Sagada  B),  January 
20,  21,  22,  23,  and  24,  or  four,  five,  six,  seven,  and  eight  days  after  this 
monkey  had  been  bitten  by  thirty-five  A,  albopictus  of  lot  128  (January  16, 
1930). 

Incubation  period. — February  15,  10.30  a.  m.,  to  February  20,  3  p.  m., 
five  and  one-half  days. 

Dengue  fever. — Onset  February  20,  3  p.  m.,  with  chilly  sensations  and 
chills;  fever  103.4;  headache;  pains  in  eyes;  total  leukocyte  count  7,400. 
February  21  face  flushed,  but  no  rash  present;  weakness  and  dizziness; 
headache;  pains  in  eyes;  some  diarrhoea;  temperature  102;  total  leukocytes 
6,600.  Note:  Fed  three  hundred  eighty  normal  A.  segypti,  designated  lot 
169  and  used  later  to  test  immunity  of  A.V.  58-S.  February  22  temperature 
101;  leukocj^te  count  3,900;  flushed;  nausea;  dizziness;  anorexia;  altered 
sense  of  taste;  headache;  pains  and  aches  in  eyes  and  joints;  maculopapular 
rash.  February  23  no  change  in  subjective  symptoms;  temperature  102.4; 
leukocyte  count  3,950.  February  24  headache;  backache;  discomfort  on 
rotation  of  eyes;  anorexia;  nausea;  light  maculopapular  rash;  slight 
alteration  of  sense  of  taste;  temperature  101;  leukocyte  total  5,300.  Feb- 
ruary 25  same;  right  cervical  lymph  nodes  enlarged;  temperature  normal; 
leukocyte  total  3,350.  February  26  no  complaint  except  weakness;  tem- 
perature normal;  leukocyte  total  5,300.  February  27  temperature  normal; 
leukocyte  total  5,650.  February  28  normal;  leukocyte  total  6,600.  March 
1  and  2  normal.     March  3  discharged. 

Summary. — Infectious  material  eighty-seven  A.  asgypti  of  lot  157,  which 
were  infected  from  Philippine  monkey  "Sagada  B"  twenty-two,  twenty- 
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EXPERIMENTAL  DENGUE  A.V.  No.  81  GOULET. ALEXANDER               1 
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Fig.  142.     Experimental  dengue  in  American  volunteer  81. 


three,  twenty-four,  twenty-five,  and  twenty-six  days  previously.  Incuba- 
tion period  five  and  one-half  days.  Fever,  type  intermittent  (saddle) ;  dura- 
tion four  and  one-half  days;  height  102.4.  Leukopenia  extreme;  low  point 
1,950 ;  duration  six  days ;  "V"-type  curve ;  large  vacuolated  monocytes 
present  February  21  and  24  during  fever  and  February  25,  26,  27,  28 
following  last  day  of  fever  February  24.  Rash  secondary  terminal.  Virus 
transferred  to  A,  segypti  lot  169,  but  this  lot  was  not  used. 

CONCLUSION 

The  infectivity  of  A.  segypti  lot  157  was  proved,  showing  that  M.  phU- 
ippinensis  31  (Sagada  B)  was  infected  with  dengue. 

Dengue  volunteer  (American)  82. 

Faddis,  Roy,  Pvt.  (A.  S.  N.  6540979),  "M"  Co.,  31st  Inf.,  Manila;  age 
22  years;  white;  total  service  seven  months;  tropical  service  five  weeks. 
Born  in  Wyoming;  lived  in  Wyoming,  Utah,  and  California.  Arrived  in 
Philippine  Islands  December,  1929.     History  of  dengue  negative.     Admitted 
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to  experimental  ward  February  9,  1930  (R.  N.  103455).  Physical  exam- 
ination and  routine  laboratory  tests  showed  him  to  be  normal.  Preliminary 
observation  period  twelve  days,  February  9  to  21,  1930.  No  evidence  of 
dengue  fever. 

EXPERIMENTAL 

Experiment  1. — February  21,  6.45  p.  m.  to  10.30  p.  m.,  twenty-one  C. 
qninquefasciatus  of  lot  170,  which  had  been  interrupted  in  their  feeding  on 
A.V.  80-L  in  the  first  twenty-four  hours  of  dengue  fever,  completed  their 
feeding  on  A.V.  82-F  within  an  hour.  February  21  to  March  4  no  symptoms 
of  dengue,  although  he  had  an  unaccountable  rise  in  temperature  February 
28  and  March  1.     There  was  no  leukopenia. 

TEST  FOR   SUSCEPTIBILITY  TO  DENGUE 

Infectious  material. — March  4  bitten  by  one  hundred  eight  A.  segypti 
of  lot  167,  which  had  been  infected  by  feeding  on  A.V.  71-W  February  13, 
or  nineteen  days  previously. 

Incubation  period. — March  4  to  p.  m.  of  March  8,  four  and  one-half 
days. 

Dengue  fever. — Onset  indefinite,  during  afternoon  of  March  8,  with  slight 
fever;  during  the  night  he  stated  that  he  had  a  chill.  March  9  headache; 
cervical  lymph  nodes  palpable;  temperature  99.4°  F.;  leukocyte  count  9,500. 
March  10  headache  and  pains  in  eyes;  loss  of  appetite;  cervical  lymph 
nodes  enlarged;  temperature  99.6°  F.;  leukocyte  count  8,700.  March  11 
"feels  fine;"  questionable  rash  on  abdomen.  March  12  chill,  headache;  pains 
in  eyes,  shoulders,  back,  and  hips;  vertigo;  maculopapular  rash  on  back, 
chest,  abdomen,  and  wrists;  hands  "itch;"  dizziness;  anorexia;  bilateral 
cervical  lymph-node  enlargement,  temperature  101.4°  F.;  leukocyte  count 
4,100.  March  13  chest  pains  on  deep  inspiration;  rash  general;  had  another 
"chill"  last  night,  nauseated;  temperature  100.8°  F.;  leukocyte  count  4,250. 
March  14  better  but  weak;  rash  fading;  temperature  100°  F.;  leukocyte 
count  6,300.  March  15  "feels  fine;"  lymph-node  enlargement  subsiding; 
temperature  and  leukocyte  count  total  normal.  March  16  normal;  lymph- 
node  enlargement  subsiding;  temperature  and  leukocyte  count  normal. 
March  16  normal.     March  18  discharged. 

Summary. — Infectious  material  one  hundred  eight  A.  segypti  of  lot  167, 
which  were  infected  from  A.V.  71-W  February  13,  or  nineteen  days  pre- 
viously. Incubation  period  four  and  one-half  days.  Fever,  type  intermit- 
tent; duration  six  and  one-half  days;  height  101.4°  F.  Leukopenia  mode- 
rate; low  point  4,100;  duration  three  days;  "U"-type  curve.  Large  va- 
cuolated monocytes  present  March  13,  14,  16,  and  17.  Rash  secondary 
(terminal).     Virus  not  continued. 

CONCLUSIONS 

Experiment  1. — The  virus  of  dengue  was  not  transferred  from  man  to 
man  by  interrupting  the  feeding  of  twenty-one  C.  quinquefasciatus  on  an 
experimental  case  of  dengue  fever  and  immediately  allowing  these  mos- 
quitoes to  complete  their  feeding  on  a  susceptible  individuail. 

Susceptibility. — Proved  the  susceptibility  of  the  volunteer  and  the  in- 
fectivity  of  lot  167  A.  segypti. 
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APPENDIX  457 

Dengue  volunteer  (American)  83. 

Robertson,  Virgil  E.,  Pvt.  (A.  S.  N.  6072360),  *T'  Co.,  31st  Inf.,  Ma- 
nila; age  22  years;  white;  total  service  three  months;  tropical  service 
five  weeks.  Born  in  Oklahoma;  lived  in  Oklahoma,  Texas,  and  Utah. 
Arrived  in  Philippine  Islands  December,  1929.  History  of  dengue  negative. 
Admitted  to  experimental  ward  February  9,  1930  (R.  N.  103457).  Previous 
medical  history  measles,  mumps,  and  chicken  pox.  Physical  examination 
and  routine  laboratory  tests  showed  him  to  be  normal.  Preliminary  ob- 
s,ervation  period  fifteen  days,  February  9  to  24.  No  evidence  of  dengue 
fever. 

EXPERIMENTAL 

February  2U,  1930. — An  attempt  to  vaccinate  against  dengue.  The  vo- 
lunteer was  inoculated  subcutaneously  with  1  cubic  centimeter  of  a  dengue 
vaccine  prepared  from  infected  A.  segypti  (see  paper  on  vaccination  for 
details). 

March  1, 1930. — A  second  inoculation  of  1  cubic  centimeter  of  the  vaccine 
was  given  subcutaneously. 

TEST  FOR  SUSCEPTIBILITY  TO  DENGUE 

Infectious  material. — March  8  bitten  by  eleven  A.  segypti  of  lot  168, 
which  had  been  infected  from  A.V.  78-0  February  17,  or  nineteen  days 
previously. 

Incubation  period. — March  8  to  13,  five  days. 

Dengue  fever. — Gradual  onset  on  morning  of  March  13,  with  fever; 
leukocyte  count  6,900;  headache;  pains  in  chest,  back,  and  eyes;  taste  sense 
for  food  and  cigarettes  abnormal;  weakness;  dizziness  and  vertigo  on 
standing;  inclined  to  faint;  face  flushed;  light  rash  on  back  and  abdomen; 
inguinal  and  cervical  glands  enlarged  and  painful.  Note:  Two  interrupted 
feeding  experiments  with  C.  quinquefasciatus  lot  185  from  this  volunteer 
to  A.V.  85-T  and  A.V.  86-B  were  carried  out  between  9  and  11  p.  m. ; 
also  thirty-six  A,  albopictus  of  lot  160  were  fed  for  use  in  copulation  ex- 
periment; one  hundred  thirteen  normal  A.  albopictus  fed  and  became  lot  183. 
Blood  collected  for  desiccation.  March  14  condition  unchanged;  tempera- 
ture 102.6;  total  leukocyte  count  4,900.  March  15  improved;  appetite  re- 
tuaming;  some  pain  in  back,  head,  neck,  and  eyes;  weak  and  dizzy;  temper- 
ature 99.6;  total  leukocyte  count  3,250.  March  16  headache;  weak  and 
dizzy;  marked  enlargement  of  lymph  glands  in  cervical  and  inguinal  regions; 
temperature  101.2  leukocyte  count  total  2,900.  March  17  same;  pains  in 
joints,  especially  of  the  jaw;  pain  in  chest  on  inspiration;  temperature 
101.6;  leukocyte  count  2,600.  March  18  feels  well,  but  back  and  neck 
"sore;^'  temperature  normal;  total  leukocytes  4,300.  March  19  marked 
enlargement  of  cervical  and  inguinal  glands;  temperature  and  leukocyte 
counts  normal.  March  20  glandular  enlargement  subsiding.  March  21 
feels  well.     March  22  discharged. 

Summary. — Infectious  material  eleven  A.  asgypti  of  lot  168  which  were 
infected  from  A.V.  78-0  February  17,  or  nineteen  days  previously.  In- 
cubation period  five  days.  Fever,  type  intermittent;  "saddle;"  duration 
five  days ;  height  102.6  F.  Leukopenia  extreme ;  low  point  2,600 ;  duration 
five  days;  "V^'-type  curve;  large  vacuolated  monocytes  present  March  18, 
19,  20,  and  21  following  the  return  of  the  temperature  to  normal  February 


458 


APPENDIX 


3 

> 

;i 
>^ 

1 
1 

TEMPERATURE 

S     S     5     S     S 

LEUKOCYTES 

iiiiiiilii'' 

CRANULOCrrESJlATiaYOUNG  TO  MATUKE             1 

1        ---        -      '-         -'J 

i 
1 

2 

Z 
UJ 

a 

i 

3 

S 

^ 

\, 

. 

V      • 

^ 

Z 

1 

v^ 

^v"l 

/ 

» 

*♦« 

«i 

\^^ 

f 

r  ' 

^.. 

CO 

Jt 

% 

^^ 

^ 

^ 

•^ 

^  •" 

r> 

i: 

^ 

'i 

> 

-  \-  - 

< 

2 

f 

/ 

J 

> 

S 

J^  1 

^ 

,  ^ 

! 

f/ 

* 

f 

.♦« 

tj: 

.^ 

"_ ^ 

«^ 

f2 

\ 

^ 

^* 

k 

t-, — 

*  V 

^ 

^1 

N 

7 

'^ 

= 

\ 

t 

/ 

■ 

■«: 

o 

1 

4 

^ 

J 

F 

^i 

■^  '  ■  ■■  - 

o> 

C 

< 

1 

f 

f; 

i  ^ 

09 

-U- 

^ 

i^ 

^      ;:: 

5  ^ 

K 

r 

r 

~ 

"~~ 

< 

^ 

~]; 

~ 

T-- 

,-*: 

«o 

. 

\ 

\ 

1 

/•* 

{ 

i"' 

•A 

,*" 

> 

1 

^ 

i; 

i  — 

'i 

< 

^ 

^ 

' 

x* 

Y 

^ 

_Y  ...- 

r> 

^ 

= 

5 

p;) 

i; 

S= 

u 

^ 

i^ 

1 

51 

b: 

s- 

"^^ 

h- 

^ 

•SI  1  1 

i ' 

«0 

<4 

.- 

._ 

;« 

L_ 

ti 

^ 

L. 

_. 

^ 

___ 

__ 

Q 
O 

o: 

z 
o 

UJ 

en 
o 

>- 
a: 

z 

3 

i 

L- 

"" 

~ 

"" 

L§ 

i5 

« 

2 

2 

!:: 

^ 

L- 

2 

, 

!C 

^ 

Se? 

> 

5= 

P 

► 

u?* 

► 

S    3    s     S     S: 

i  1 1 1  i  1 1 

S3J.ADO>in3T 

;  i 

\    °° 

3yni\ 

'W  Oi  ONnOA-O 

iivy-s3iADonr>N 

s'MO           1 

APPENDIX  459 

18.     Rash  primary.     Virus  transferred  through  A.   albopictus  lot   183  to 
A.V.  90-A  and  A.V.  93-R. 

CONCLUSIONS 

(a)  Two  subcutaneous  injections  of  1  cubic  centimeter  each  of  dengue 
"mosquito  vaccine''  spaced  five  days  apart  failed  to  protect  this  volunteer 
against  dengue  when  tested  one  week  after  the  last  injection. 

(b)  The  susceptibility  of  the  volunteer  was  proved  by  lot  168  A.  segypti. 

Dengue  volunteer  (American)  84. 

Clark,  Walter  B.,  Pvt.  (A.  S.  N.  6534546),  28th  Bomb.  Sqdn.,  A.C., 
Nichols  Field;  age  21  years;  white;  total  service  eleven  months;  tropical 
service  eight  months.  Born  in  Colorado;  lived  in  Colorado,  Washington 
State,  and  Idaho.  Arrived  in  the  Philippine  Islands  June,  1929.  History 
of  dengue  negative.  Admitted  to  experimental  ward  February  12,  1930 
(R.  N.  103489).  Previous  medical  history  measles,  mumps,  chicken  pox, 
diphtheria,  and  influenza.  Physical  examination  and  routine  laboratory 
tests  showed  him  to  be  normal.  Preliminary  observation  period  twelve 
days,  February  12  to  24.     No  evidence  of  dengue  fever. 

EXPERIMENTAi;. 

An  attempt  to  immunize  Clark  with  a  "vaccine"  prepared  with  infected 
mosquitoes  (see  paper  on  vaccination  for  details  of  preparation). 

February  13,  and  17,  1930.  One  cubic  centimeter  of  vaccine  was  inocu- 
lated subcutaneously. 

TEST  FOR  IMMUNITY 

Infectious  material. — February  24  bitten  by  twenty-one  A.  aegypti  of 
lot  137  which  were  infected  from  A.V.  66-W  December  16,  or  seventy  days 
previously.     Tonsilitis  from  February  28  to  March  1. 

Incubation  peHod. — February  24  to  afternoon  of  February  28,  four  and 
one-half  days. 

Dengue  fever. — March  1,  onset  with  fever;  pains  in  legs  and  sacroiliac 
joints;  taste  of  food  "peculiar;''  headache;  face  flushed;  faint  rash  on 
back.  March  2  same;  anorexia;  enlargement  of  left  cervical  glands.  Note: 
Fed  one  hundred  fifty-eight  normal  A.  segypti,  designated  lot  174  and  used 
later  to  transmit  dengue  to  A.V.  91-K  and  to  test  immunity  of  A.V.  63-B 
and  A.V.  26-T.  March  3  eyes  ache  and  give  pain  and  discomfort  when 
used;  pain  in  joints  and  back;  rash;  leukopenia  began,  5,700.  March  4 
fac^  flushed;  questionable  rash  on  back;  headache;  pains  in  eyes,  back,  legs, 
and  joints;  nauseated;  taste  of  food  and  cigarettes  "peculiar;"  throat  sore; 
leukopenia  4,200.  March  5  feels  well  except  for  sore  throat;  left  cervical 
glands  palpable;  leukopenia  3,900.  March  6  feels  well  but  has  fever  and 
leukopenia,  3,200.  March  7  terminal  rash  (?);  leukocyte  count  4,100. 
Fever  99.4  in  p.  m.  March  8  states  that  hands  itch;  total  leukocyte  counts 
6,700;  temperature  100.6.  March  9  no  symptoms;  temperature  and  total 
leukocytes  normal.     March  10  discharged. 

Summary. — Infectious  material  twenty-one  A.  segypti  of  lot  137,  which 
were  infected  from  A.V.  66-W  December  16,  1929,  or  seventy  days  pre- 
viously. Incubation  period  four  and  one-half  days.  Fever,  type  remittent; 
duration  eight  days;  height  102.4.  Leukopenia  marked;  low  point  3,200; 
duration   six  days;    "V"-type   curve;   large   vacuolated  monocytes   present 
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Fig.   145.     Experimental  dengue  in   American  volunteer  84. 


March  7  and  8  following  return  of  temperature  to  normal  March  7.  Rash 
primary  (?)  and  terminal  (?).  Virus  continued  through  A,  sdgyjM  lot 
174  to  A.V.  91-K. 

CONCLUSIONS 

(a)  Two  injections  of  1  cubic  centimeter  each  of  a  dengue  *  Vaccine" 
prepared  from  infected  mosquitoes  and  given  four  days  apart  failed  to 
protect  this  volunteer  from  dengue,  when  tested  seven  days  after  the  last 
injection. 

(6)    The  susceptibility  of  this  volunteer  was  proved  by  lot  137  A.  £egypti. 

Dengue  volunteer  (American)  85. 

Thomas,  James  J.,  Pvt.  (A.  S.  N.  6542844),  *'C"  Co.,  31st  Inf.,  Manila; 
age  19  years;  white;  total  service  three  months;  tropical  service  three  days. 
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Born  in  Oklahoma;  lived  in  Oreg-on.  Arrived  in  Philippine  Islands  March 
3,  1930.  History  of  dengue  negative.  Admitted  to  experimental  ward 
March  6,  1930  (R.  N.  103726).  Physical  examination  and  routine  lab- 
oratory teats  showed  him  to  be  normal.  Medical  history  measles,  whooping 
cough,  mumps,  and  influenza.  Preliminary  observation  period  seven  days, 
March  6  to  13.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Experiment  1. — March  13,  7  to  9.30  p.  m.,  bitten  by  twelve  C  qidnque- 
fasciatus  of  lot  185,  which  within  the  hour  had  partially  filled  with  blood  of 
experimental  dengue-fever  volunteer  A.V.  83-R,  during  the  first  twenty- 
four  hours  of  dengue  fever.     March  13  to  26  no  evidence  of  dengue  fever. 

DENGUE    SUSCEPTIBILITY   TEST 

Infectious  material. — March  26,  8.30  a.  m.,  fed  five  A.  wgypti  of  lot  164, 
which  were  infected  fifty-two  days  previously  from  A.V.  74-L. 

Incubation  period, — March  26  to  April  1,  3  p.  m.,  six  and  one-half  days. 

Dengue  fever. — Sudden  onset  during  afternoon  of  April  1;  temperature 
101.6;  leukocytes  6,750.  April  2  headache;  pain  in  eyes,  head,  back,  legs, 
joints,  and  muscles;  taste  sense  altered;  glands  in  right  cervical  and  in- 
guinal regions  palpable;  dizziness  and  vertigo;  temperature  101;  leukocytes 
4,100.  Note:  Fed  three  hundred  sixty  normal  A.  wgypti  lot  195.  April  3 
postorbital  pain;  backache;  dizziness;  temperature  101.4;  leukocytes  4,100. 
April  4  symptoms  less  pronounced;  vomited;  temperature  101.8;  leukocytes 
4,300.  April  5  slight  pain  in  back,  otherwise  does  not  complain;  temper- 
ature 100;  leukocytes  2,800.  April  6  headache,  nausea,  and  vomiting; 
dizziness;  weakness;  pains  in  abdomen;  temperature  100.8;  leukocytes 
6,500.  April  7  feels  well,  but  has  some  digestive  disturbance;  temperature 
98.6;  leukocytes  6,200.     April  8,  9,  10,  and  11  normal.     April  12  discharged. 

Suiniiiary. — Infectious  material  five  A.  segypti  of  lot  164,  which  were  in- 
fected from  A.V.  74-L,  fifty-two  days  previously.  Incubation  period  six 
and  one-fourth  days.  Fever,  type  remittent  with  "saddle;"  duration  five 
and  one-half  days;  height  101.8°  F.  Leukopenia,  low  point  2,800;  duration 
four  days;  "V"-type  curve;  large  vacuolated  monocytes  present  April 
8.     Rash  none.     Virus  transferred  to  A.  aegypti  lot  195. 

CONCLUSIONS 

Experiment  1. — The  virus  of  dengue  was  not  transferred  from  an  ex- 
perimental case  of  dengue  fever  to  a  susceptible  individual  by  "inter- 
rupted feeding"  of  twelve  C.  guinquefasciatus.  The  susceptibility  of  the 
volunteer  to  dengue  proved  the  infectivity  of  lot  164  A.  segypti. 

Dengue  volunteer  (American)   86. 

Bellows,  Harold  C,  Pvt.  (A.  S.  N.  6542863),  "C"  Co.,  31st  Inf.,  Ma- 
nila; age  19  years;  white;  total  service  three  months;  tropical  service 
three  days.  Born  in  Oregon;  lived  in  California.  Arrived  in  Philippine 
Islands  March,  1930.  History  of  dengue  negative.  Admitted  to  experi- 
mental ward  March  6,  1930  (R.  N.  103725).  Physical  examination  and 
routine  laboratory  tests  showed  him  to  be  normal.  Medical  history  chicken 
pox,  measles,  and  diphtheria.  .  Preliminary  observation  period  seven  days, 
March  6  to  13.     No  evidence  of  dengue  fever. 
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EXPERIMENTAL 

Experiment  1. — March  13,  9  to  11  p.  m.,  bitten  by  eight  C.  qimique- 
fasciatus  lot  185,  which  within  the  hour  had  partially  filled  with  the  blood 
of  an  experimental  dengue  case  (A.V.  83-R)  during  the  first  day  of  dengue 
fever.     March  13  to  26  no  evidence  of  dengue  fever. 

TEST  FOR  SUSCEPTIBILITY  TO  DENGUE 

Infectious  TnateriaL — March  26,  8.30  a.  m.,  fed  twenty-three  A,  aegypti 
of  lot  165,  which  were  infected  from  A.V.  76-M,  forty-six  days  previously. 

Incubation  period. — From  8.30  a.  m.,  March  26,  to  3  p.  m,,  March  31, 
five  and  one-fourth  days. 

Dengue  fever. — Sudden  onset,  afternoon  of  March  31;  temperature  102; 
total  leukocytes  8,300.  April  1  headache;  pains  in  eyes,  back,  legs,  and 
joints,  especially  knee  joints;  anorexia;  dizziness;  weakness;  constipation; 
face  flushed;  temperature  103.6;  leukocytes  7,150.  Note:  Fed  one  hundred 
forty-three  normal  A.  albopictus  lot  193  and  one  hundred  eighty-four  nor- 
mal A.  asgypti  lot  194.  April  2  slight  pain  in  head  and  eyes;  back  is 
"stiff,"  back  and  legs  ache;  pains  in  chest;  anorexia;  dizziness;  chilliness; 
constipation;  sense  of  taste  (food  and  cigarettes)  abnormal;  right  inguinal 
glands  palpable;  temperature  100.2;  leukopenia  5,800.  April  3  use  of  eyes 
causes  pain  and  discomfort;  backache;  constipated;  left  leg  "numb;''  weak 
and  dizzy  on  standing;  temperature  101.4;  leukocytes  3,700.  April  4  ma- 
culopapular  rash;  "sore"  maxillary  joints;  general  symptoms  as  before; 
temperature  103.6;  leukocytes  2,800.  April  5  water  tastes  "bitter;"  gen- 
eral condition  improved;  temperature  100.8;  leukocytes  2,400.  April  6 
slight  enlargement  of  right  cervical  glands;  temperature  normal;  leuko- 
cytes 5,200;  no  symptoms.  April  7  feels  well  but  is  weak;  temperature 
normal;  leukocytes  5,850.     April  8  normal.     April  9  discharged. 

Summary. — Infectious  material  twenty-three  A.  asgypti  of  lot  165,  which 
were  infected  from  A.V.  76-M  forty-six  days  previously.  Incubation  period 
five  and  one-half  days.  Fever,  type  remittent,  with  "saddle;"  duration 
five  days;  height  103.6°  F.  Leukopenia,  low  point  2,400;  duration  seven 
days;  "U"-type  curve.  Large  vacuolated  monocytes  present  March  31, 
April  1,  3,  4,  5,  6,  7,  8,  and  9.  Rash  secondary.  Virus  transferred  to 
A.  albopictus  lot  193  and  A.  segypti  lot  194. 

CONCLUSIONS 

Experiment  1. — The  virus  of  dengue  was  not  transferred  from  an  experi- 
mental dengue  infection  to  a  normal  susceptible  individual  by  the  inter- 
rupted feeding  of  eight  C.  quinquefasciatus.  The  susceptibility  test  proved 
the  infectivity  of  lot  165  A,  segypti. 

Dengue  volunteer  (American)  87. 

Roberts,  Arthur,  Pvt.  (A.  S.  N.  6544214),  "D"  Co.,  31st  Inf.,  Manila; 
age  27  years;  white;  total  service  three  months;  tropical  service  three  days. 
Born  in  Iowa;  lived  in  North  Dakota.  Arrived  in  Philippine  Islands  March 
3,  1930.  History  of  dengue  negative.  Admitted  to  experimental  ward 
March  6,  1930  (R.  N.  103724).  Physical  examination  and  routine  labor- 
atory tests  indicated  that  he  was  normal.     Measles,  mumps,  chicken  pox, 
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and    typhoid    1923.     Preliminary    observation    period    eig-ht    days,    March 
6  to  14,  1930.     No  evidence  of  dengue  fever. 

EXPERIMENTAL 

Infectious  material. — March  14.  This  man  was  injected  subcutaneously 
with  1  cubic  centimeter  of  the  filtrate  obtained  by  filtering'  a  suspension  of 
one  hundred  dengue-infected  A.  segypti  of  lots  168  (thirty-one  mosquitoes) 
and  167  (sixty-nine  mosquitoes)  in  8  cubic  centimeters  of  0.85  per  cent  salt 
solution,  through  a  Berkefeld  "V"  filter  (our  No.  19).  Note:  March  22 
(11  a.  m.)  fed  three  dengue-infected  A.  segypti  of  lot  159,  which  forty-nine 
days  previously  had  fed  on  A.V.  72-E,  during  the  first  day  of  dengue  fever, 
but  dengue  fever  began  the  following  day   (March  23). 

Incubation  period.—Msirch  14,  10  a.  m.,  to  March  23,  3  p.  m. 

Dengue  fever.— Onset  during  afternoon  of  March  23  with  feeling  of  weak- 
ness, headache,  pains  and  aches  in  eyes,  chest,  back,  and  joints;  chills  during 
night;  temperature  102;  total  leukocytes  7,700.     March  24  anorexia;  dizzi- 
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Experimental  dengue  in  American  volunteer  87. 
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ness;  has  cough;  pain  in  left  side  of  chest;  face  flushed  but  no  rash;  gen- 
eralized aching;  slight  enlargement  of  left  cervical  glands;  temperature 
104.2;  leukocytes  6,500.  Note:  Partially  fed  approximately  one  hundred 
seventy  normal  A,  segypti  (lot  189)  and  immediately  transferred  them  to 
A.V.  94-K,  on  whom  between  one  hundred  twenty-five  and  one  hundred 
fifty  of  the  mosquitoes  completed  their  feeding.  Also  fed  completely  two 
hundred  ninety  normal  A,  segypti,  becoming  lot  190.  March  25  cough; 
epistaxis;  anorexia;  aching  and  soreness  in  joints;  headache  and  eye  pains; 
maxillary  joints  "sore;"  dizziness  and  weakness;  constipated;  cigarettes 
and  food  do  not  "taste  right;"  slight  enlargement  of  cervical  lymph  nodes; 
temperature  103.2;  leukocytes  4,300.  March  26  generalized  pains  and 
aches;  particularly  in  the  head,  eyes,  back,  linibs,  and  joints;  painful  max- 
illae; left  inguinal  lymph  nodes  enlarged;  no  rash;  constipated,  nauseated, 
dizzy  on  standing,  and  weak;  states  that  he  had  chill  during  night;  tem- 
perature 102.4;  leukocytes  3,400.  March  27  eyes  pain  when  used;  back 
aches;  joints  "painful,"  especially  the  knee  joints;  appetite  poor  with 
some  altered  sense  of  taste;  slight  earache;  itching  sensations  over  body 
but  lasted  only  a  short  time;  weakness;  dizziness;  vertigo;  adenopathy  both 
cervicals  and  inguinals;  temperature  100.2;  leukocytes  3,100.  March  28 
as  before;  temperature  101.8;  leukocytes  3,250.  March  29  as  before;,  total 
leukocytes  2,700.  March  30  no  pains;  adenopathy  receding;  no  rash. 
March  31  normal.  April  1  no  pains.  April  2  duty.  Note:  This  volunteer 
was  readmitted  to  hospital  April  8  for  pansinusitis,  no  symptoms  of 
dengue.  April  8  fed  one  hundred  eighty-three  normal  A.  segypti,  becoming 
lot  200;  these  were  later  discarded  without  testing. 

Summary. — Infectious  material  1  cubic  centimeter  of  Berkefeld  "V" 
filtrate  of  lots  167  and  168  A,  segypti,  which  were  infected  from  A.V. 
71-W  and  A.V.  78-0,  twenty-nine  and  thirty  days  previously.  Incubation 
period  nine  and  one-fourth  days.  Fever,  type  remittent;  duration  six 
days;  height  104.2°  F.  Leukopenia  extreme;  low  point  2,700;  duration 
six  days;  "V"-type  curve.  Lacrge  vacuolated  monocytes  present  March 
29,  30,  31,  the  day  of,  and  for  two  days  following  return  of  temperature 
to  normal.  Rash  none.  Virus  continued  through  lot  189  to  A.V.  94-K 
by  interrupted  feeding  and  to  A.V.  92-C  after  the  virus,  had  been  in  this 
same  lot  seventeen  days. 

CONCLUSIONS 

The  subcutaneous  injection  of  1  cubic  centimeter  of  a  Berkefeld  "V" 
filtrate,  obtained  from  a  suspension  of  one  hundred  dengue-infected  A. 
segypti  of  lots  167  and  168,  was  followed  by  a  typical  attack  of  dengue 
fever.  (Note:  It  is  improbable  that  the  feeding  of  dengue-infected  A. 
segypti  of  lot  159  was  responsible  for  the  dengue  fever  as  the  onset  was 
approximately  twenty-nine  hours  following  this  feeding.) 

Dengue  volunteer  (American)  88. 

Browning,  Lawrence  A.,  Pvt.  (A.  S.  N.  6817840),  ''D"  Co.,  31st  Inf., 
Manila;  age  25  years;  race  white;  total  service  three  months;  tropical 
service  three  days.  Arrived  in  Philippine  Islands  March  3,  1930.  History 
of  dengue  negative.  Admitted  to  experimental  ward  March  6,  1930  (R. 
N.  103723).  Physical  examination  and  routine  laboratory  tests  showed  him 
to  be  normal.     Previous  medical  history  scarlet  fever  and  measles.     Pre- 
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liminary  observation  period  eight  daj^s,  March  6  to   14.     No  evidence  of 
dengue  fever. 

EXPERIMENTAL 

ExpeHment  1. — March  14,  1930,  12  noon,  bitten  by  forty-four  A.  segypti 
of  lot  178  and  thirty -two  of  lot  181,  which  nine  and  seven  days  previously 
had  fed  on  macerated  A.  segypti  suspended  in  1  cubic  centimeter  salt  solu- 
tion plus  2  cubic  centimeters  of  defibrinated  normal  human  blood.  (March 
5,  1930,  lot  178  was  fed  on  one  hundred  dengne-infected  A.  asgypti  of  lot 
168,  which  were  infected  from  A.V,  78-0  sixteen  days  previously;  and 
lot  181  was  fed  March  7,  1930,  on  one  hundred  dengue-infected  A.  segypti 
of  lot  168,  which  were  infected  from  A.V.  78-0  eighteen  days  previously.) 
Note:  Virus  in  mosquitoes  seven  and  nine  days  only.  March  14  to  22  no 
evidence  of  dengue.  (During  this  period  the  volunteer  had  an  attack  of 
acute  bronchitis.) 

Experiment  2. — Infectious  material  March  22,  11  a.  m,,  refed  twenty- 
eight  A.  segypti  of  lot  178  and  nineteen  of  lot  181. 

Incubation  period, — March  22,  11  a.  m.,  to  March  27,  3  p.  m.,  five  days. 

Dengue  fever. — Onset  during  afternoon  of  March  27  with  slight  fever; 
temperature  99.4;  total  leukocytes  7,300.  March  28  has  cough;  rash  on 
abdomen  and  back;  fever  100.2,  100.4,  and  101;  total  leukocytes  8,900. 
March  29  states  feels  well,  except  pains  in  joints;  cough  continues;  macu- 
lopapular  rash  on  back  and  abdomen;  temperature  102.2;  leukocytes  6,700. 
March  30  rash  resembles  measles;  headache;  temperature  103.2;  leukocytes 
7,800.  March  31  rash  very  pronounced;  no  other  symptoms;  temperature 
normal;  leukocytes  5,400.  April  1  rash  fading;  temperature  normal; 
leukocytes  3,200.  April  2  rash  fading;  left  cervical  lymph  glands  en- 
larged; temperature  normal;  leukocytes  6,600.  April  3  rash  fading; 
temperature  normal;  leukocytes  9,800.  April  4  normal.  April  9  dis- 
charged. 

Summary. — Infectious  material  twenty-eight  A.  segypti  of  lot  178  and 
nineteen  of  lot  181,  infected  from  lot  168,  seventeen  and  fifteen  days 
previously.  Incubation  period  five  days.  Fever,  type  continuous;  duration 
three  and  one-half  days;  height  103.2  F.  Leukopenia  marked;  low  point 
3,200;  duration  two  days;  "V'^-type  curve;  large  vacuolated  monocytes 
present  March  30,  31,  April  1,  2,  3,  and  4.  Rash  present  from  onset 
to  termination.     Virus  not  continued. 

CONCLUSIONS 

Experiment  1  was  negative  due  to  insuflicient  interval  of  time  elapsing 
between  the  feeding  to  infect  and  the  testing  of  the  mosquitoes  for  in- 
fectivity. 

Experiment  2  proved  the  susceptibility  of  the  volunteer  to  dengue  and 
again  demonstrated  that  the  virus  of  dengue  can  be  transferred  from 
mosquito  to  mosquito  by  feeding  normal  A.  segypti  on  a  suspension  of  in- 
fected A .  segypti  in  normal  blood. 

Dengue  volunteer  (American)  89. 

Shiplett,  Milburn  M.,  Pvt.  (A.  S.  N.  6814215),  28th  Bomb.  Sqdn., 
A.  C,  Camp  Nichols;  age  20  years;  white;  total  service  nine  months; 
tropical  service  ten  days.     Bom  and  lived  jn  Virginia.     Arrived  in  Phil- 
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ippine  Islands  March  3,  1930.-  History  of  dengue  negative.  Admitted  to 
experimental  ward  March  13,  1930  (R.  N.  103790).  Physical  examination 
and  routine  laboratory  examinations  showed  him  to  be  normal.  Previous 
medical  history  measles,  mumps,  and  diphtheria.  Preliminary  observation 
period  seven  days,  March  13  to  20.     No  evidence  of  dengue. 

EXPERIMENTAL 

Experiment  i. — March  20  bitten  by  one  hundred  two  A.  segypti  of  lot 
175,  which  had  been  fed  on  young  guinea  pig  16-A  on  the  fourth,  fifth, 
sixth,  seventh,  and  eighth  days  following  the  feeding  on  this  animal  of 
seven  dengue-infected  A,  segypti  of  lot  135.  March  20  to  31,  eleven  days, 
no  evidence  of  dengue  fever. 

DENGUE  SUSCEPTIBILITY  TEST 

Infectious  material. — March  31,  1930,  10.30  a.  m.,  bitten  by  fifteen  A, 
segypti  of  lot  171,  which  thirty-seven  days  previously  had  fed  on  A.V. 
80-L,  during  the  first  day  of  dengue  fever.  Incubation  period  March  31, 
10.30  a.  m.,  to  some  time  during  the  night  of  April  5,  approximately  five 
and  one-fourth  days. 

Dengue  fever. — April  6  fever;  headache;  general  lassitude;  chilly  sen- 
sations; nausea;  poor  appetite;  no  desire  for  food;  aching  in  back,  legs, 
and  joints;  bilateral  enlargement  of  cervical  lymph  nodes;  temperature 
102.4  p.  m.;  total  leukocyte  count  5,600.  March  7  symptoms  as  before; 
temperature  102.8,  p.  m.,  total  leukocytes  3,900.  Note:  At  7.30  a.  m.  fed 
two  hundred  eighty-three  normal  A.  segypti  and  designated  them  lot  197. 
March  8  no  rash;  temperature  103.6,  p.  m;  total  leukocytes  2,400.  March 
9  face  flushed;  shaking  chills  during  the  night  with  nausea  and  vomiting; 
head,  eyes,  and  back  ache;  pain  in  chest  on  deep  inspiration;  no  rash 
or  lymph-node  enlargement;  temperature  103.6,  a.  m.;  total  leukocytes 
3,450.  March  10  taste  sense  abnormal;  eyes  pain  when  used;  backache; 
constipated;  temperature  100,  a.  m.;  total  leukocytes  1,900  (low  point). 
March  11  feels  well;  light  mottling  of  skin;  temperature  normal;  total 
leukocytes  3,100.  March  12  feels  weak;  otherwise  normal,  except  leu- 
kopenia  (5,100).     April  15  normal;  discharged. 

Summary. — Infectious  material  fifteen  A.  segypti  of  lot  171,  which 
were  infected  from  A.V.  80-L.  thirty-seven  days  previously.  Incubation 
period  five  and  one-fourth  days.  Fever,  type  continuous;,  duration  four 
and  one-fourth  days;  height  103.6  °  F.  Leukopenia  extreme;  low  point 
1,900;  duration  seven  days;  "V"-type  curve.  Large  vacuolated  monocytes 
present  April  10,  11,  13,  and  14.  Rash  (?).  Virus  continued  through 
A.  segypti  lot  197. 

CONCLUSIONS 

Experiment  1. — A  young  guinea  pig,  born  and  raised  in  a  screened 
cage,  at  the  age  of  6  weeks  apparently  was  not  susceptible  to  dengue 
infection. 

The  susceptibility  test  proved  the  infectivity  of  lot  171  A,  segypti. 

Dengue  volunteer  (American)  90. 

Adams,  AlonzO  D.,  Pvt.  (A.  S.  N.  6542455),  66th  Serv.  Sqdn.,  A.  C, 
Camp  Nichols;  age  24  years;  white;  total  service  three  months;  tropical 
service  ten  days.     Born  and  lived  in   California.     Arrived  in  Philippine 
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Islands  March  3,  1930.  History  of  dengue  negative.  Admitted  to  experi- 
mental ward  March  13,  1930  (R.  N.  103791).  Physical  examination  and 
routine  laboratory  examinations  showed  him  to  be  normal.  Previous 
medical  history  varicella,  measles,  and  influenza.  Preliminary  observation 
period  nine  days,  March  13  to  22,  during  which  period  there  was  no  evid- 
ence of  dengue. 

EXPERIMENTAL 

Experiment  1. — March  22  bitten  by  seventy-six  A.  segypti  of  lot  172, 
which  had  fed  on  M.  philippinensis  32-C  on  the  fourth,  fifth,  sixth,  seventh, 
and  eighth  days  following  the  feeding  on  this  animal  of  thirty-one  A.  asgypti 
of  lot  156.  (Part  of  the  mosquitoes  of  lot  156  were  infected  by  feeding 
on  M,  philippinensis  30-A  between  January  20  and  27.)  March  22  to 
April  1,  ten  days,  no  evidence  of  dengue. 

DENGUE    SUSCEPTIBILITY    TEST 

Infectioxis  material. — April  1,  1930,  9.30  a.  m.,  bitten  by  fifteen  A. 
albopictus  of  lot  183.  These  mosquitoes  were  infected  by  feeding  on  A.V. 
83-R  March  13,  1930. 

Incubation  period. — April  1,  9.30  a.  m.,  to  April  5,  7  p.  m.,  four  and 
one-half  days. 

Dengue  fever. — Became  ill  during  night  of  April  5,  temperature  at  7 
p.  m.,  99.4.  April  6  feels  stiff;  suggestion  of  a  maculopapular  rash 
present;  temperature  101.2  at  noon;  leukocytes,  6,800.  April  7  face 
flushed  but  no  rash;  cervical  lymph  nodes  enlarged;  pains  and  aches  in 
head,  eyes,  back,  and  legs;  painful  joints;  testicles  "painful;"  anorexia; 
dizziness  on  standing;  temperature  99.4;  total  leukocytes  3,400.  April  8 
temperature  99.2;  total  leukocytes  2,900.  April  9  subjective  symptoms  as 
before;  temperature  100  in  a.  m.,  total  leukocytes  3,700.  April  10  as 
before;  temperature  102.4;  total  leukocytes  3,100.  April  11  feels  weak, 
otherwise  does  not  complain;  terminal  itching  rash  on  hands  and  wrists; 
temperature  normal;  total  leukocytes  4,900.  April  13  weak;  terminal 
rash;  temperature  and  leukocyte  total  count  normal.  April  14  normal. 
April  15  discharged. 

Summary. — Infectious  material  fifteen  A.  albopictus,  lot  183,  which  were 
infected  from  A.V.  83-R  eighteen  days  previously.  Incubation  period 
four  and  one-half  days.  Fever,  type  remittent  with  saddle;  duration  five 
and  one-fourth  days;  height  102.4  °  F.  Leukopenia  extreme;  low  point 
2,900;  duration  six  days;  '*V"-type  curve.  Large  vacuolated  monocytes 
present  April  12,  two  days  following  return  of  temperature  to  ijprmal. 
Rash  secondary    (terminal).     Virus  not  continued. 

CONCLUSIONS 

Experiment  1. — Macacus  philippinensis  32-C,  which  was  obtained 
from  Sagada,  Mountain  Province,  Philippine  Islands  (dengue-free  area), 
was  either  not  susceptible  to  dengue  infection  or  the  mosquitoes  of  lot 
156  fed  on  this  animal  were  not  infective.  The  latter  supposition  is 
possible  as  the  thirty-one  mosquitoes  feeding  were  those  remaining  of  a 
total  of  one  hundred  thirty-six  which  had  fed  on  M.  philippinensis  30-A 
on  the  fourth,  fifth,  sixth,  seventh,  and  eighth  days  following  a  feeding 
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of  dengue-infected  mosquitoes  on  M.  philippinensis  30  and  may  not  have 

been  a  part  of  the  mosquitoes  proved  infected  by  feeding  on  A.V.  80-L. 

Susceptibility  test. — Proved  the  infectivity  of  lot  183  A.  albopictus. 

Dengue  volunteer  (American)  91. 

King,  William  R.,  Pvt.  (A.  S.  N.  6835967),  66th  Serv.  Sqdn.,  A.  C, 
Camp  Nichols;  age  19  years;  white;  total  service  five  months;  tropical 
service  ten  days.  Born  and  lived  in  Illinois.  Arrived  in  Philippine  Islands 
March  3,  1930.  History  of  dengue  negative.  Admitted  to  experimental 
v^rard  March  13,  1930  (R.  N.  103792).  Physical  examination  and  routine 
laboratory  tests  indicated  that  he  was  normal.  Previous  medical  history 
measles,  scarlet  fever,  diphtheria,  mumps,  and  varicella.  Preliminary  ob- 
servation period  nine  days,  March  13  to  22,  during  which  time  there  was 
no  evidence  of  dengue. 

EXPERIMENTAL 

Experiment  1, — March  22,  11  a.  m.,  bitten  by  four  A.,  segypti  of  lot  179, 
which  were  fed  March  7  on  a  suspension  of  one  hundred  powdered  mos- 
quitoes [lot  162  (sixty-nine  mosquitoes),  lot  135  (six  mosquitoes),  lot 
137  (seven  mosquitoes),  lot  138  (five  mosquitoes)  and  lot  139  (ten  mos- 
quitoes)] in  1  cubic  centimeter  of  0.85  per  cent  salt  solution  and  2  cubic 
centimeters  of  defibrinated  blood.  Note:  Four  days  previously  these  mos- 
quitoes had  been  ground  in  a  small  quantity  of  saline  and  sealed  in  a  tube 
containing  CaCL.  March  24  bitten  by  twelve  A.  segypti  of  lot  179  and 
twelve  of  lot  180.  Lot  180  was  obtained  by  feeding  normal  A,  aegypti 
on  a  suspension  of  one  hundred  desiccated  mosquitoes  of  lot  164  in  1  cubic 
centimeter  of  saline  and  2  cubic  centimeters  of  defibrinated  blood.  Note: 
Four  days  previously  these  mosquitoes  had  been  ground  in  a  little  saline 
and  sealed  in  a  tube  containing  CaCL-.  March  24  to  April  1  no  evidence 
of  dengue. 

DENGUE   SUSCEPTIBILITY   TEST 

Infectious  material. — April  1,  9.30  a.  m.,  bitten  by  twenty-one  A.  segypti 
of  lot  174,  which  were  infected  from  A.V.  84-C,  twenty-nine  days  previously. 

Incubation  period. — April  1,  9.30  a.  m.,  to  April  6,  7  p.  m.,  five  and 
one-fourth  days. 

Dengue  fever. — April  6,  1930,  onset  gradual  with  fever  of  99.4,  slight 
headache;  left  cervical  lymph  node  enlargement.  April  7  pains  and  aches 
in  head,  eyes,  back,  and  joints;  face  flushed;  maculopapular  rash  (?);. 
taste  of  food  abnormal;  no  appetite,  dizzy;  temperature  103.2;  total  leu- 
kocyte count  6,700.  Note:  At  9.30  a.  m.  one  hundred  fifty-six  normal 
A.  segypti  fed  and  became  lot  199.  April  8  flushed;  faint  maculopapular 
rash  present;  pains  and  aches  in  head,  eyes,  and  back;  dizzy  on  standing; 
appetite  poor;  temperature  102.4;  total  leukocytes  6,050.  April  9  inguinal 
and  left  cervical  lymph  nodes  enlarged;  rash  distinct  on  back,  abdomen, 
wrists,  and  hands  in  morning  but  faded  during  afternoon;  face  flushed; 
aching  general;  cramps  in  legs  on  standing;  constipated;  temperature  103 
in  p.  m.,  total  leukocytes  6,550.  April  10  face  flushed;  marked  maculo- 
papular rash  on  hands  and  wrists;  palms  of  hands  *4tch;"  temperature 
103.8;  total  leukocytes  4,400.  April  11  feels  better;  temperature  98.4; 
total  leukocytes  4,700.     April  12  maxillary  joints  pain  on  chewing;  rash 
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on  hands,  back,  and  abdomen,  with  itching;  temperature  98;  leukocytes 
6,100.  April  13  bilateral  cervical  and  right  inguinal  lymph  nodes  en- 
larged; weak;  terminal  rash  on  hands  and  wrists  is  very  distinct;  normal 
temperature;  leukocyte  count  6,35t).  April  14  normal.  April  15  dis- 
charged. 

Summary, — Twenty-one  A.  segypti  of  lot  174,  which  were  infected 
from  A.V.  84-C  twenty-nine  days  previously.  Incubation  period  five  and 
one-fourth  days.  Fever,  type  continuous;  duration  four  and  one-half 
days;  height  103.8°  F.  Leukopenia  moderate;  low  point  4,400;  duration 
six  days;  *'V"-type  curve.  Large  vacuolated  monocytes  present  April  10, 
11,  12,  13,  and  14,  the  day  of,  and  four  days  following !  return  of  temper- 
ature to  normal.  Rash  primary  and  secondary.  Virus  continued  through 
A.  segyptiy  lot  198. 

CONCLUSIONS 

Experiment  1  indicates  that  the  virus  of  dengue  was  not  preserved  by 
desiccation  of  infected  .mosquitoes  and  keeping  at  18°  C.  for  a  period  of 
four  days.  The  susceptibility  test  proved  the  infectivity  of  lot  174  A. 
s^gyptL 

Dengue  volunteer  (American)  92. 

Carkuff,  John  E.,  Pvt.  (A.  S.  N.  6542481),  66th  Serv.  Sqdn.,  A.  C, 
Camp  Nichols;,  age  22  years;  white;  total  service  three  months;  tropical 
service  ten  days.  Bom  in  South  Dakota;  lived  in  Calif oimia.  Arrived  in 
Philippine  Islands  March  3,  1930.  History  of  dengue  negative.  Admitted 
to  experimental  ward  March  13,  1930  (R.  N.  103793).  Physical  examina- 
tion and  routine  laboratory  examinations  showed  him  to  be  normal.  Pre- 
vious history  measles,  varicella,  whooping  cough,  and  influenza.  Pre- 
liminary observation  period  nine  days,  March  13  to  22,  during  which 
period  there  was  no  evidence  of  dengue. 

EXPERIMENTAL 

Experimeyit  1. — March  22,  11  a.  m.,  bitten  by  sixty-eight  A.  albopictus 
of  lot  182.  [Note:  This  lot  of  mosquitoes  was  obtained  as  follows:  March 
10  one  hundred  thirty  normal  A.  albopictus  (?)  were  placed  in  a  cage 
and  marked  lot  182.  One  hundred  A.  segypti  (?)  of  lot  168  (dengue 
infected)  were  liberated  in  the  cage.  A  small  dish  containing  sugar 
solution  was  placed  in  the  cage  for  food.  March  21  seventy-five  of  the 
A.  albopictus  were  caught,  carefully  identified,  and  placed  in  a  separate 
cage  and  on  March  22  sixty-eight  of  these  fed  on  A.V.  92-C.]  March 
22  to  31,  nine  days,  no  evidence  of  dengue  fever. 

Experiment  2. — March  31,  10.30  a.  m.,  bitten  by  twenty-three  A,  albo^ 
pictu^  of  lot  182  (see  experiment  1).  March  31  to  April  10,  ten  days, 
no  evidence  of  dengue. 

DENGUE    SUSCEPTIBILITY   TEST 

Infectious  material. — April  10,  12.30  p.  m.,  bitten  by  seventy-three 
dengue-infected  A,  segypti  of  lot  189.  Dengue  developed  after  a  period  of 
two  days  five  hours  after  this  feeding.  As  this  incubation  period  is 
shorter  than  any  previously  reported,  it  seems  possible  that  the  lot  182 
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A,  albopictus  might  have  caused  the  disease  after  a  rather  long  incnbation 
period  of  twelve  days  seven  hours. 

Dengue  fever. — Onset  rather  sudden  about  5  p.  m.  of  April  12,  though 
he  felt  somewhat  abnormal  in  the  afternoon.  Temperature  101.6; 
total  leukocytes  7,150.  April  13  feels  hot  and  dizzy;  headache;  pain  in 
eyes;  legs  feel  "numb;"  shaking  chills;  water  tastes  "bitter;"  constipa- 
tion; anorexia;  slight  enlargement  of  left  cervical  lymph  nodes;  tempera- 
ture 102.4;  total  leukocytes  8,750.  April  14  slight  headache;  soreness  in 
limbs  and  joints;  anorexia;'  perverted  taste  sense  (food  and  water);  bila- 
teral enlargement  of  cervical  lymph  nodes ;  suggestion  of  a  rash  (mottling) 
on  back  and  abdomen;  temperature  101;  leukocytes  6,600.  April  15  back 
and  legs  ache;  no  rash;  temperature  99.6;  leukocytes  4,900.  April  16 
bilateral  enlargement  of  cervical  IjTnph  nodes;  temperature  99;  leukocytes 
3,600;  otherwise  normal.  April  17  normal,  except  for  leukopenia  of  4,300. 
April  18  discharged. 

Summary. — Infectious  material  questionable,  see  preceding  notes.  In- 
cubation period  (?)  days.  Fever,  type  continuous;  duration  three  and 
one-half  days;  height  102.4"  F.  Leukopenia  marked;  low  point  3,600;  du- 
ration three  days  (plus  ?).  Large  vacuolated  monocytes  present  on 
March  15,  the  day  that  the  temperature  returned  to  normal.  Rash  pri- 
mary.    Virus  not  continued. 

CONCLUSION 

From  this  experiment  no  definite  conclusion  can  be  drawn  concerning 
the  possibility  of  transmitting  dengue  from  infected  to  normal  mosquitoes 
through  contaminated  food.  However,  the  findings  are  sufficiently  sug- 
gestive to  warrant  further  investigation. 

Dengue  volunteer    (American)   93. 

Havener,  Lewis,  Pvt.  (A.  S.  N.  6064510),  28th  Serv.  Sqdn.,  A.  C,  Camp 
Nichols;  age  27  years;  white;  total  service  six  years;,  tropical  service  ten 
days.  Bom  in  New  York;  lived  in  Nevada,  Minnesota,  and  Texas.  Ar- 
rived in  Philippine  Islands  March  3,  1930.  History  of  dengue  negative. 
Admitted  to  experimental  ward  March  13  (R.  N.  103794).  Physical 
examination  and  routine  laboratory  examinations  showed  him  to  be  normal. 
Previous  diseases  none.  Preliminary  observation  period  nine  days,  March 
13  to  22,  during  which  period  there  was  no  evidence  of  dengue. 

experimental 

Experiment  1. — March  22  bitten  by  sixteen  A,  £egypti  of  lot  177  at 
11  a.  m.  Note:  These  mosquitoes  had  fed  seventeen  days  previously  on 
a  suspension  of  one  hundred  macerated  dengue-infected  A.  segypti  of  lot 
165  in  1  cubic  centimeter  of  0.85  per  cent  saline  and  2  cubic  centimeters 
of  defibrinated  normal  human  blood.  March  22  to  April  1,  nine  days,  no 
evidence  of  dengue. 

DENGUE    SUSCEPTIBILITY   TEST 

Infectious  material. — April  1,  9.30  a.  m.,  bitten  by  nine  A.  albopictus 
of  lot  183,  which  were  infected  March  13,  nineteen  days  previously,  by 
feeding  on  A.V.  83-R. 

Incubation  period. — -April  1,  9.30  a.  m.,  to  approximately  3  p.  m.,  April 
10,  a  period  of  nine  and  one-fourth  days. 
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Dengue  fever, — April  11,  1930  onset  gradual  during  afternoon  of  April 
10,  with  sluggishness  and  backache;  temperature  100.6°  F.;  total  leuko- 
cytes 7,200;  this  morning  complaining  of  headache,  backache,  and  sore- 
ness of  arms;  anorexia;  coffee  tastes  ^^peculiar;"  dizziness;  questionable 
faint  maculopapular  rash,  face  flushed;  temperature  101.4;  leukocytes 
5,800.  Note:  At  10.30  a.  m.  one  hundred  seven  normal  A.  segypti  Were 
fed  and  designated  lot  206  and  fifty-nine  normal  A.  albopictus  fed  and 
became  lot  207.  April  12  face  flushed;  maculopapular  rash  on  back,  ab- 
domen, and  arms;  weak;  perspires  at  times  and  feels  cold;  taste  of  food 
''unpleasant;"  temperature  98;  leukocytes  4,800.  April  13  headache;  rash 
as  noted;  temperature  normal;  leukocytes  4,150.  April  14  slight  head- 
ache; weak;  bilateral  enlargement  of  lymph  nodes;  temperature  normal; 
leukocytes  5,700.  April  15  no  complaint;  temperature  normal;  leukocytes 
3,600.     April  17  discharged. 

Summary, — Infectious  material  nine  A.  albopictus  of  lot  183,  which  were 
infected  from  A.V.  83-R,  nineteen  days  previously.  Incubation  period 
nine  and  one-fourth  days.  Fever,  type  continuous;  duration  one  and  one- 
half  days;  height  101.4°  F.  Leukopenia  moderate;  low  point  3,600;  dura- 
tion six  days;  **V"-type  curve.  Large  vacuolated  monocytes  present  April 
12,  13,  14,  and  15,  beginning  the  day  following  the  return  of  the  temperature 
to  normal.  Rash  primary  (questionable).  Virus  transferred  to  A.  segypti 
lot  206. 

CONCLUSIONS 

Experiment  1. — Sixteen  mosquitoes  of  lot  52,  which  fed  on  a  suspen- 
sion of  one  hundred  dengue-infected  A,  segypti  in  1  cubic  centimeter  of 
0.85  per  cent  saline  and  2  cubic  centimeters  of  normal  defibrinated  blood, 
were  not  infected  with  dengue  virus. 

The  susceptibility  test  proved  the  susceptibility  of  the  volunteer  and  the 
infectivity  of  A.  albopictus  lot  183. 

Dengue  volunteer  (American)  94. 

KuHN,  Frank,  Pvt.  (A.  S.  N.  6698534),  66th  Serv.  Sqdn.,  A.  C,  Camp 
Nichols;  age  21  years;  white;  total  service  three  and  one-half  years; 
tropical  service  ten  days.  Born  in  New  York;  lived  in  New  York,  Penn- 
sylvania, and  New  Jersey.  Arrived  in  Philippine  Islands  March  3,  1930. 
History  of  dengue  negative.  Admitted  to  experimental  ward  March  13, 
1930  (R.  N.  103775).  Physical  examination  and  routine  laboratory  tests 
indicated  that  he  was  normal.  Previous  diseases  none.  Preliminary  ob- 
servation period  eleven  days,  March  13  to  24,  during  which  period  there 
was  no  evidence  of  dengue. 

EXPERIMENTAL 

Infectious  material. — March  24,  10.30  a.  m.,  b-etween  one  hundred 
twenty-five  and  one  hundred  fifty  A,  segypti  of  lot  189,  which  within  the 
hour  had  partially  filled  with  the  blood  of  A.V.  87-R  who  was  then  in 
his  first  twenty-four  hours  of  dengue  fever,  finished  feeding  on  this  vol- 
unteer (94-K). 

Incubation  period. — Prodromal  symptoms  began  March  31  with  pains 
in  legs,  arms,  chest,  and  back;  temperature  100;  total  leukocytes  9,100. 
April  1  headache;  temperature  99.2;  leukocytes  9,250.  April  2  no  complaint; 
temperature  100;  leukocytes  8,600.     April  3  onset  gradual,  with  headache, 
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aching  in  eyes,  legs,  arms,  back,  and  joints;  chest  "sore;"  maxillary  joints 
"sore;'*  chilliness  but  no  chills;  dizzy;  vertigo;  face  flushed;  cervical 
lymph  nodes  enlarged;  temperature  104.6;  leukocytes  8,800.  Note:  At 
9  a.  m.  fed  one  hundred  thirty-two  normal  A,  segypti  which  became  lot 
196.  April  4  as  before;  taste  sense  altered;  temperature  102.4;  leuko- 
cytes 5,500.  April  5  as  before;  temperature  101.8;  leukocytes  4,300. 
April  6  no  change  except  chills  experienced  and  is  quite  weak;  temperature 
103.8;  leukocytes  4,100.  April  7  same;  temperature  100;  leukocytes  3,100. 
April  8  strongly  marked  maculopapular  crash  of  general  distribution,  re- 
sembling secondary  syphilis;  weakness  and  dizziness;  temperature  98.8; 
leukocytes  4,950.  April  9  headache;  aching  and  pains  in  eyes  and  back; 
pain  in  maxillae;  itching  sensations  of  body  and  hands;  flushed,  maculo- 
papular rash  faint;  constipated;  temperature  normal;  leukocytes  3,300. 
April  10  normal  except  for  mottling  of  skin;,  temperature  normal;  leu- 
kocytes 7,450.     April  11  discharged. 

Summary. — Infectious  material  lot  189  A,  segypti  (mechanically  in- 
terrupted feeding).  Incubation  period  seven  to  nine  days.  Fever,  type 
remittent;  duration  five  days;  height  104°  F.  Leukopenia  marked;  low 
point  3,100;  duration  six  days;  "W"-type  curve.  Rash  secondary  (ter- 
minal).    Virus  continued  in  A.  segypti  lot  196. 


Fig.   155.     Experimental  dengue  in  American  volunteer  94. 
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CONCLUSIONS 

The  virus  of  dengue  was  transferred  from  a  case  of  dengue  fever  to 
a  normal  susceptible  individual  by  the  partial  feeding  of  between  one 
hundred  twenty-five  and  one  hundred  fifty  A.  asgypti  on  the  former  and 
within  the  hour  completing  their  feeding  on  the  latter. 

Note:  Kuhn  was  readmitted  to  hospital  May  2,  1930,  with  temperature 
of  102.4  with  diagnosis  of  acute  gastroenteritis.  May  3  two  hundred 
twenty-two  normal  A.  segypti  were  fed  to  be  used  later  in  ruling  out 
the  possibility  of  a  dengue  relapse  in  this  case.  Temperature  100.4  at  7  p. 
m.  Leukocyte  count  did  not  indicate  dengue.  May  4,  temperature  nor- 
mal, no  complaint. 

Dengue  volunteer  (American)  95. 

Davidson,  George  H.,  Pvt.  1st  class  (A.  S.  N.  6539761),  3d  Pursuit 
Sqdn.,  A.  C,  Fort  Stotsenburg;  age  24  years;  white;  total  service  one 
and  one-half  years;  tropical  service  one  year.  Bom  and  lived  in  South 
Dakota.  No  history  of  dengue.  Admitted  to  experimental  ward  April 
18,  1930  (R.  N.  104085).  Physical  examination  and  routine  laboratory 
tests  showed  him  to  be  normal.  Preliminary  observation  period  eleven 
days.     No  evidence  of  dengue  fever. 

experimental 

Experiment  1. — April  29,  9.30  a.  m.,  bitten  by  one  hundred  twenty-eight 
A.  segypti  from  a  composite  lot  of  one  hundred  sixty  mosquitoes  obtained 
by  combining  twenty  mosquitoes  each  of  culture  lots  202,  204,  208,  209,  210, 
211,  212,  and  213.  Dengue  did  not  develop  during  a  subsequent  period  of 
eleven  days. 

Experiment  2. — May  10,  10  a.  m.,  bitten  by  thirty-six  A,  segypti  of  lot 
216  that  had  fed  twenty  days  previously  on  an  emulsion  of  the  spleen 
of  M.  philippinensis  34,  by  five  mosquitoes  of  lot  217  that  had  fed  on  an 
emulsion  of  the  liver  of  M.  philippinensis  34,  and  by  forty-nine  mosqui- 
toes of  lot  218  that  had  fed  on  ati  emulsion  of  the  brain  of  M.  philippinensis 
monkeys  33  and  34.  Dengue  did  not  develop  during  a  subsequent  period 
of  seven  days. 

DENGUE   susceptibility  TEST 

Infectious  material — May  17  bitten  at  11  a.  m.  by  six  of  the  A.  xgypti 
of  lot  190  that  had  ingested  infective  blood  from  A.V.  87-R  fifty-four  days 
previously.  Comment:  These  mosquitoes  had  been  stored  in  an  icebox 
at  18°  C.  from  March  24  to  April  22  and  had  been  kept  at  room  tem- 
perature since  the  latter  date. 

Incubation  period. — May  17  to  22,  five  days. 

Dengue  fever, — May  22,  a.  m.,  sudden  onset  with  headache.  During 
afternoon  chilliness  was  experienced.  May  23  leukopenia  (5,500)  began; 
temperature  102.6;  anorexia;  water  tastes  "sweet;"  pains  in  eyes,  head, 
back,  and  legs;  no  adenopathy;  testicles  ache.  Note:  Fed  one  hundred 
ninety   normal    A,   segypti,    designated    lot   224.     May   24   leukocyte   total 
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reduced  to  3,200;  temperature  99.6;  feels  weak  and  tired;  no  rash; 
nausea;  constipated.  May  25  leukocyte  count  2,800;  temperature  100.6; 
headache;  no  appetite.  May  26  temperature  102;  aches  "all  over;"  no 
appetite;  faint  papular  rash;  marked  enlargement  of  the  left  inguinal 
glands.  May  27  leukopenia  extreme,  1,850;  inguinal  adenitis  persists. 
June  1  discharged  from  hospital. 

Summary, — Infectious  material  six  A.  segypti  of  lot  190,  infected  from 
A.V.  87-R,  fifty-four  days  previously.  Incubation  period  five  days.  Fever, 
type  intermittent  ("saddle")  ;  duration  five  days;  height  102.6°  F.  Leuko- 
penia extreme;  low  point  1,850;  duration  seven  days;  "V"-type  curve. 
Rash  faint  maculopapular  terminal. 

CONCLUSIONS 

1.  Experiment  1  was  negative,  indicating  that  the  cultures  (ascitic  fluid 
with  and  without  a  surface  layer  of  liquid  petrolatum,  transplants  made 
at  various  times),  upon  which  the  A.  segypti  of  lots  202,  204,  208,  209, 
210,  211,  212,  and  213  fed,  did  not  contain  virus  that  was  infective  to 
mosquitoes. 

2.  Experiment  2  was  negative,  indicating  that  emulsions  prepared  from 
portions  of  the  spleen,  liver,  and  brain  of  M,  philippinensis  34  on  the  sixth 
day  after  potential  infection  with  dengue  failed  to  infect  A.  segypti  of  lots 
216,  217,  and  218,  respectively. 

3.  The  occurrence  of  dengue  five  days  after  the  feeding  of  A.  segypti, 
lot  190,  proved  that  these  mosquitoes  were  infected  and  that  the  volunteer 
was  susceptible. 

Dengue  volunteer  (American)  96. 

HORNKOHL,  George  H.,  Pvt.  (A.  S.  N.  6521519),  3d  Pursuit  Sqdn.,  A.  C, 
Fort  Stotsenburg;  age  27  years;  white;  total  service  seven  and  one-third 
years;  tropical  service  one  year  in  the  Philippine  Islands  and  three  years 
in  Hawaii.  Born  in  Michigan;  lived  in  Illinois.  No  history  of  dengue. 
Admitted  to  experimental  ward  April  18,  1930  (R.  N.  104086).  Physical 
examination  and  routine  laboratory  tests  showed  him  to  be  normal.  Pre- 
liminary observation  period  eleven  days.     No  signs  of  dengue. 

EXPERIMENTAL 

Experiment  1, — April  29  and  30  bitten  by  six  and  twelve  mosquitoes, 
respectively,  of  lot  188  that  had  taken  blood  feeding  at  least  thirty-three 
days  previously  from  guinea  pig  16  that  had  been  born  and  raised  in  a 
screened  cage  and  had  been  bitten  from  five  to  eight  days  previously  by 
known  dengue-infected  mosquitoes.  Dengue  did  not  develop  during  an 
observation  period  of  ten  days. 

Experiment  2. — May  10  bitten  at  10  a.  m.  by  seventy-six  A.  segypti  of 
lot  214,  potentially  infected  twenty-one  days  previously  by  feeding  from 
M.  philippinensis  33  on  the  sixth  day  after  that  monkey  had  been  bitten 
by  known  dengue-infected  mosquitoes.  There  was  no  evidence  of  dengue 
fever  during  a  subsequent  period  of  seven  days. 
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484  APPENDIX 

DENGUE    SUSCEPTIBILITY   TEST 

Infectious  materiaL — May  17,  11  a.  m.,  bitten  by  four  A.  asgypti  of  lot 
195  that  had  ingested  infective  blood  forty-five  days  previously  from  A.V. 
85-T,  during  the  first  day  of  dengue  fever. 

Incubation  period. — May  17  to  24,  seven  days. 

Dengue  fever. — May  24,  a.  m.,  onset  of  dengue  v/ith  headache  and  loss 
of  appetite.  Note:  One  hundred  twenty-four  normal  A.  segypti  fed  at  11.30 
a.  m.  and  were  designated  lot  226.  May  25  leukopenia  began;  headache, 
backache,  and  eye  ache;  anorexia;  distinct  macular  rash.  May  26  no 
change.  May  27  temperature  normal;  mild  headache;  appetite  poor;  taste 
sense  abnormal.  May  28  maculopapular  rash.  May  29  leukopenia  reaches 
low  point   (2,900).     June  1  discharged  from  hospital. 

Summary. — Infectious  material  four  A.  segypti  of  lot  195  that  had  fed 
forty-five  days  previously  on  A.V.  85-T  during  the  first  day  of  dengue. 
Incubation  period  seven  days.  Fever,  type  continuous;  duration  two  days; 
height  102°  F.  Leukopenia  moderate;  low  point  2,900;  duration  seven 
days;    "V^'-type   curve.     Rash   primary  and   terminal. 

CONCLUSIONS 

1.  Experiment  1  was  negative,  indicating  that  guinea  ,pig  16,  which  had 
been  isolated  in  a  screened  cage  since  birth,  was  not  susceptible  to  dengue 
fever. 

2.  Experiment  2  was  negative,  indicating  that  the  blood  of  M.  philippi- 
nensis  33  was  not  infective  to  A.  segypti  of  lot  214  on  the  sixth  day  after 
that  monkey  had  been  bitten  by  known  dengue-infected  mosquitoes. 

3.  The  onset  of  dengue  seven  days  after  the  feeding  of  A.  segypti,  lot 
195,  proved  that  these  mosquitoes  were  infected  and  that  the  volunteer 
was  susceptible  to  dengue. 

Dengue  volunteer  (American)  97. 

Haynes,  Richard  S.,  Pvt.  (A.  S.  N.  6540313),  3d  Pursuit  Sqdn.,  A.  C, 
Fort  Stotsenburg;  age  25  years;  white;  total  service  one  and  seven-twelfths 
years;  tropical  service  four  months.  Born  in  West  Virginia;  lived  in 
West  Virginia  and  California.  No  history  of  dengue.  Admitted  to  ex- 
perimental ward  April  18,  1930  (R.  N.  104087).  Routine  physical  exami- 
nation and  laboratory  tests  showed  him  to  be  normal.  Preliminary  obser- 
vation period  eleven  days.     No  evidence  of  dengue. 

EXPERIMENTAL 

Experiment  1. — April  29  and  30  bitten  by  one  and  two  mosquitoes,  re- 
spectively, of  lot  186  that  had  been  kept  in  a  cage  from  March  22  to 
April  22  with  A.  segypti  of  lot  176.  Lot  176  mosquitoes  had  previously 
been  allowed  to  copulate  with  known  infected  females  of  lot  167.  Dengue 
did  not  develop  during  a  subsequent  period  of  eleven  days. 

Experiment  2. — May  10,  10  a.  m.,  bitten  by  thirteen  A.  segypti  of  lot 
219  and  thirty-nine  A.  segypti  of  lot  220.  Lot  219  had  been  potentially 
infected  by  feeding  twenty-one  days  previously  on  an  emulsion  of  a  piece 


APPENDIX 


485 


X 

u 

i 

d 

< 

i 

i 

z 

TEMPERATURE 

s    s    ^    S    S; 

LEUKOCYTES 

1  1  1  1  i  1  i  1  1  i 

CRANULOCYTES-RATiaVOUNG  TO  MATURE            1 

1              i              =1 

Is 

1 

-a: 

3 
4 

I 
1 

> 

Ui 

:= 
o 

z 

UJ 

Q 

? 

> 

*^w 

N   Xj      1 

\ 

Iff 

1 

? 

^ 

^^ 

V.     ^ 

\ 

.ft- 

L 

(V. 

S 

\ 

r 

1' 

A 

QC 

< 

^ 

J 

} 

JL 

{ 

S 

^ 

I 

r  ^ 

1 

) 

a 

) 

■J 

>    .•' 

J 

J          1 

k] 

< 

" 

,.y 

^  ^ 

] 

.i^ 

i^m 

^^   ^ 

-^; 

«r 

< 

N 

X 

•'  < 

> 

^^ 

•■■, 

'      ■ 

z 
o 

t~ 
< 

CD 

rD 
o 

z 

L 

S^ 

I 

,#' 

•^ 

¥> 

■  r' 

• 

a 

i     < 

* 

y* 

1 

Si 

\ 

\, 

\ 

\ 

_s 

f^^ 

\ 

J 

\ 

1 

23 

5 

> 

L 

1  — 

_= 

— 

5 

>^- 

\ 

V 

5 

f 

/ 
-f. 

] 

£2 

(£ 

— 

I 

4) 

A 

\ 

-  V 

i 

( 

.]::::. 

!£} 

\ 

\. 

{ 

■1    - 

1 

sj 

?s 

2: 

\ 

V 

(  — 

jm 

£2 

i 

.. 

\ 

) 

__         .      . 

'-% 

OJ 

f 

I 

/ 

\ 

;  \ 

..a 

u 

-4 

- 

/ 

I. 

H- 

-i 

■ 

.,.-j 

— 

< 

"  — 

•^ 

^ 

t 

) 

^' 

eo 

5 

y 

> 

. 

I' 

t- 

/ 

^-_ 

u> 

^- 

^ 

*-c 

lO 

t 

"g^ 

UJ  c 

h1 

'^ 

■* 

f 

i 

^t 

o 

> 

^ 

IS 

CVi 

i 

^- 

L. 

8 
■s  — 

;^ 

— 

— 

L- 

§ 

<  0. 

m 
o 

s 





— 

5" 

— 

-     - 

!C 

^ 

v__ 

IM 

' 

a 

> 

_s 

^ 

\ 

Jl 

~~^ 

s__ 

<M 

C 

cA 

,               .• 

-.._ 

Si5 

— 

y 

J 

^ 

X         1 

^ 

\ 

< 

^ 

^ 

g 

1        \l 

: 

|5 

^ 

? 

_Z 

i 

5        !* 

^ 

i 

i"^  z: 

.^ 

■BBSS 

3MniVM3dW3J. 

s: 

1  i  1  1 

S3iAD0' 

1 " 

<n3T 

■    § s" 

awnivw  oi  DNnoAciiVM-ssiAoonnNV 

22 

B 


486  APPENDIX 

of  spleen  from  M.  philippinensis  33  on  the  sixth  day  after  that  monkey 
had  been  bitten  by  known  dengue-infected  mosquitoes.  Lot  220  fed  at 
the  same  time  from  a  liver  emulsion.     Dengue  did  not  develop. 

DENGUE    SUSCEPTIBILITY   TEST 

Infectious  material. — May  17,  11  a.  m.,  bitten  by  ten  A.  segypti  of  lot 
198,  that  had  fed  forty  days  previously  on  A.V.  91-K  during  the  first 
day  of  dengue. 

Incubation  period. — May  17  to  23,  six  days. 

Dengue  fever. — May  23  onset  of  dengue  during  morning;  legs  ache; 
bilateral  cervical  adenopathy;  anorexia.  May  24  leukopenia  began;  head, 
eyes,  and  back  ache ;  anorexia ;  altered  taste  sense ;  nauseated  and  vomiting. 
One  hundred  twelve  normal  A.  segypti  fed  at  11.30  a.  m.  and  were  designated 
lot  225.  May  25  headache;  pain  in  eyes;  adenopathy  persists;  severe, 
mastoidlike  pain  back  of  left  ear.  May  27  no  change.  May  28  headache; 
face  flushed.    June  1  discharged  fromi  hospital. 

Surmnary. — Infectious  material  ten  A,  segypti  of  lot  198,  infected  by 
feeding  from  A.V.  91-K,  forty  days  previously,  during  the  first  day  of 
dengue  fever.  Incubation  period  six  days.  Fever,  type  intermittent  C*sad- 
dle") ;  duration  six  days;  height  102.4.  Leukopenia  moderate;  low  point 
2,600;  duration  eight  days;  "W^'-type  curve.     Rash  none. 

CONCLUSIONS 

1.  Experiment  1  was  negative,  indicating  that  dengue  virus  had  not 
been  transferred  by  copulation  to  the  three  mosquitoes  of  lot  186. 

2.  Experiment  2  was  negative,  indicating  that  an  emulsion  of  pieces 
of  the  spleen  and  the  liver,  secured  from  M.  philippinensis  33  on  the  sixth 
day  after  infective  feeding  failed  to  infect  A.  segypti  of  lots  219  and  220. 

3.  The  onset  of  dengue,  during  the  sixth  day  following  the  feeding  of 
ten  A.  segypti  of  lot  198,  proved  that  these  mosquitoes  were  infected  and 
that  the  volunteer  was  susceptible  to  dengue  fever. 

Dengue  volunteer  (American)  98. 

Resler,  Alden  a.,  Pvt.  (A.  S.  N.  6799182),  3d  Purstiit  Sqdn.,  A.  C, 
Fort  Stotsenburg;  age  19  years;  white;  total  service  one  and  three-fourths 
years;  tropical  service  four  months.  Born  and  lived  in  Illinois.  No  his- 
tory of  dengue.  Admitted  to  experimental  ward  April  18,  1930  (R.  N. 
104088).  Physical  examination  and  routine  laboratory  tests  showed  him 
to  be  normal.  Preliminary  observation  period  eleven  days.  No  evidence 
of  dengue  fever. 

experimental 

Experiment  1. — April  29  and  30  bitten  by  four  and  eight  mosquitoes,  re- 
spectively, of  lot  187  that  had  fed  at  least  thirty-three  days  previously  on 
guinea  pig  15  on  the  fifth  to  eighth  days,  inclusive,  after  that  animal 
had  been  bitten  by  known  dengue-infected  mosquitoes.  Dengue  fever  did 
not  develop  during  a  subsequent  period  of  ten  days. 

Experiment  2. — May  10,  10  a.  m.,  bitten  by  twenty-four  A.  segypti  of 
lot  215  that  had  taken  a  blood  feeding  from  M.  philippinensis  34,  twenty- 
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one  days  previously,  on  the  sixth  day  after  that  monkey  had  been  bitten 
by  known  den^e-infected  mosquitoes.  There  was  no  evidence  of  dengue 
fever  during  an  observation  period  of  seven  days. 

DENGUE    SUSCEPTIBILITY    TEST 

Infectious  material. — May  17,  11  a.  m.,  bitten  by  seven  A.  alhopictus 
of  lot  207  that  had  fed  on  A.V.  93-R  thirty-six  days  previously,  during  the 
first  day  of  dengue  fever.  During  a  further  observation  period  of  twelve 
days  the  volunteer  remained  normal.  May  29  the  volunteer  was  discharged 
from  the  hospital. 

CONCLUSION 

1.  Since  this  volunteer  was  immune  to  dengue  fever,  no  conclusion  can 
be  drawn  concerning  the  results  of  experiments  1  and  2. 
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PLATE  1.  AeDES  ALBOPICTUS  SKUSE. 
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PLATE  2.     APPARATUS  FOR   FEEDING  MOSQUITOES  THROUGH   SKIN. 
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